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The emergence of the Microelectronics in Education 
Programme led to the funding of a number of computer- 
related curriculum development projects in England and 
Wales, This thesis describes one such project in 
detailing the development and evaluation of a 
microcomputer system for use as an aid for teaching and 
learning geography in the secondary school. The 
research is approached in three stages. The first stage 
evaluates the current situation of computer assisted 
learning in geography in terms of both hardware and 
software. This leads to the identification of a need 
for an interactive spatial database system that can 
enrich the teaching of geography and the fostering of 
geographical concepts. In the second stage, a database 
system is developed with due regard to both technical 
and educational considerations. As a result of this 
stage, a prototype system is implemented together with 
substantial documentation, A final consolidation stage 
considers the methods of evaluation in computer assisted 
learning and suggests ways in which the performance of 
microcomputer-based resources, and the responses of 
teachers and pupils to the introduction of such 
resources, might be analysed. The techniques of 
evaluation are then applied to the spatial database 
system, and the results are discussed in terms of the 
system's efficiency and its validity and effectiveness 
as a teaching aid and as a learning tool.
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PREFACE
The early 1980s saw a growing literature on computer 
assisted learning and an increasing interest and 
awareness amongst teachers of the potential of the 
microcomputer as a teaching aid. This was being 
actively encouraged by a number of innovative 
development centres, notably Investigations on Teaching 
with Microcomputers as an Aid (ITMA) at Plymouth; 
Computers in the Curriculum at Chelsea College, 
University of London; Five Ways at Birmingham; the Shell 
Centre for mathematics education at the University of 
Nottingham, and the Advisory Unit for Computer Based 
Education (AUCBE) at Hatfield, Hertfordshire. Much of 
the development work centred on using computers in 
mathematics and science teaching. However, geographers 
were also quick to exploit the new technological 
developments.
It was against this background that, in early 1982, the 
Microelectronics in Education Programme (MEP) approved 
funding for a curriculum development project in 
geography to be started in September 1982 at the School 
of Education, University of Bath. The project was 
funded for what the MEP policy document (MEP, 1982) 
described as 'new topics as elements within existing 
subjects'. However, the funding was an unusual step in 
that, for the first time, it was granted to a NEW centre 
for computer-related curriculum development. The 
project's funding was also unique in that in January 
1985 it was taken up by a major educational publishing 
company.
The project's brief was to develop one or more computer 
programs that would be an aid to teaching geography in 
the secondary school. In an adjunct to the brief it was 
added that the computer programs should provide teachers 
and pupils with access to both local and national data. 
The brief was thus wide in its scope, providing the 
opportunity to develop and evaluate a potentially 
valuable resource.
This thesis arose indirectly from the MEP project. It 
represents an analysis of the progress of the research, 
discussing both the decisions that were taken and the 
evaluation methods employed. In compiling this thesis 
the writer has borne in mind constantly the development 
of future innovations in the computer assisted learning 
field, and it was sincerely hoped that the lessons that 
were learnt as a result of the project's development 
would be useful to future researchers.
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This thesis considers the development and evaluation of 
a computer resource for use in geography teaching in the 
secondary school. In comparison to many of the other 
innovations in the computer assisted learning field the 
present research had two major advantages, namely that 
it was well funded and was given a great deal of time in 
which to bear fruit. In fact, it represented a unique 
opportunity to consider in depth some of the 
fundamentals of the use of computers as a teaching aid 
in geography. Too often the writer had reviewed 
computer-based resources which had clearly failed to 
take into account teachers* needs and expectations. 
Often, such resources illustrated that not enough time 
and thought had been taken - and there had been little 
or no interaction with the consumers - and as a result 
the fundamental educational objectives were obscured by 
a preoccupation with subject content. However, the 
present research could afford to consider the 
educational aspects in more detail and use the 
conclusions as the basis for developmental evaluation.
However, in addition to the developmental aspects it was 
expected that the research would also provide an 
opportunity to explore how teachers respond to the
challenge of computer software bearing in mind their 
unfamiliarity with the new technology. As pointed out 
recently out by a number of writers (for example, Kent, 
1 9 8 3; Walker Shepherd and Cooper, 1983; Wiegand, 1983) 
the investigations of teacher and pupil reactions to 
computers had been grossly under researched.
Nevertheless it was the writer's strong opinion that in 
such an approach lay the key to the future development 
of computer-resources such as that described herein, 
though it must be said that this approach was far from 
common amongst software innovators in general.
In devising the aims of the project outcomes, three 
ideals were borne in mind. Firstly, it was to be hoped 
that the results of the research would lead to a 
resource that was flexible in the sense that it could be 
adapted to many teaching environments, regardless of 
syllabus, age and ability of pupils, or teacher 
experience.
Secondly, it was felt that such a resource should be 
powerful. 'Power* in this context was seen as referring 
to two aspects of the resource. The resource should, 
ideally, provide teachers and learners with a tool that 
aids the fostering of geographical concepts, 'powerful* 
in that it encourages deeper undertanding and enriches 
the learning process. However, it was also hoped that 
the resource would take full account of the unique 
'power* of the microcomputer.
Thirdly, the resource should allow, if not actually 
encourage, 'good* geography teaching practices. Whilst 
the writer accepted that the assessment of 'good* 
lessons would involve a value judgement, it was 
nevertheless thought that some attempt should be made to 
address this problem.
The aims were designed deliberately to be wide ranging. 
The writer had a great deal of experience in computing 
and technical aspects and thus felt confident that the 
problems of program design and implementation could be 
overcome - it was therefore reasonable to consider 
geographical and educational ideals without having to 
bear in mind, initially at least, possible technical 
limitations. The first objective of the research was 
then to consider in detail the background and philosophy 
of using computers in geography teaching. This, it was 
hoped, would allow the writer to identify more concrete 
objectives that would lead to a developmental stage.
The design and development of these objectives is 
considered in the next chapter.
Chapter 2
BACKGROUND
In formulating the specific objectives for the computer 
resource it was constructive to consider the current 
situation in terms of hardware and software. This led 
to several important decisions regarding the computer 
that was used for development purposes, and the 
educational philosophy and methodology of the software.
2.1 A development tool
The introduction of the microcomputer into education 
began in the mid-1970s, mainly in higher education where 
many departments had acquired their own microcomputer by 
1979 (Kirby, 1979). In this period secondary schools, 
with few exceptions, were limited to batch processing 
facilities provided by generous higher and further 
education establishments.
In 1981 the Department of Industry (DOI) released £4m 
for the purchase of microcomputer hardware in secondary 
schools. It was a controversial move in that schools 
were given a choice of only two designs, the 38OZ 
computer of Research Machines Limited, Oxford, and the 
BBC computer produced by Acorn Computers, Cambridge, the 
latter produced to a specification agreed with the BBC 
as being appropriate for use by viewers of a series of
programmes on the microcomputer.
At the time of the DOI initiative some authorities had 
already recommended various makes of machine to their 
secondary schools, and had assisted interested schools 
with funds for this purpose. A few Local Education 
Authorities in England had concentrated funds on the RML 
3 8OZ or PET computers (Staffordshire and Oxfordshire for 
example) whilst others, notably in Scotland, were in the 
process of purchasing Apple computers for their 
secondary schools. However, as pointed out by Hall 
(1 9 8 3), the effect of the DOI funding was to put the RML 
3 8OZ and Acorn BBC microcomputers into the greater 
majority of secondary schools.
As a versatile and inexpensive computer, the BBC 
computer was an attractive proposition for many schools; 
its cost was half that of the 38OZ and it boasted 8 
different graphics and text modes. However, it was not 
well endowed in terms of random access memory and was 
not provided with an integral disc drive and interface. 
On the other hand the 38OZ, whilst more expensive, had a 
background of research applications, extensive memory 
for microcomputers at this time, and came complete with 
two double-sided disc drives. Furthermore, much of the 
educational software at the time was available only for 
the 38OZ, and, as highlighted in a survey of local 
autorities by Brown and Stokes (I9 8 I), more teachers 
were familiar with this machine than with any other
computer. In considering the relative merits of the 
machines at this time, this was judged to be an 
important factor since teachers would be asked to trial 
the material produced as a result of the developmental 
stage of the research.
For these reasons it was decided to use a 32K, high 
resolution, colour RML 38OZ as the development tool, 
although following this decision the capabilities of the 
BBC computer were considerably enhanced. In early 1983, 
a further £3m was made available for secondary schools 
to update their BBC microcomputers with disc drives and 
to enhance the memory of both the 38OZ and BBC 
computers. Colour monitors and other peripherals such 
as printers were also grant-aided.
2.2 A software methodology
Given the aims outlined in chapter 1, one of the most 
important decisions to be made in relation to the 
project was to decide upon the type of software to be 
developed, its methodology and philosophy. Therefore, 
it was necessary to consider the types of geographical 
software developed to date, and to assess their relative 
merits in terms of the project's aims.
2.2.1 The development of geographical software 
The Microelectronics in Education Programme (MEP) was 
designed to run in parallel with the DOI's promotion of 
hardware. Its strategy was set down in a document
published by the Department of Education and Science 
(1 9 8 1) with the stated aim:
"to help schools prepare children for life in a 
society in which devices and systems based on 
microelectronics are commonplace and pervasive".
MEP had an initial funding of £10m falling under the 
three major headings of resource support, in-service 
training, and curriculum development. Part of MEP's 
brief included the development of educational software. 
Until this time the software in general circulation had 
two fairly clear antecedents, in which, as Hall (1983) 
suggested, 'one cluster of titles could be traced back 
to the era of the mainframe computer, whilst a second 
cluster had lighter documentation and drew upon the 
images and sounds of the game arcade, the chained 
sequence of programmed instruction.' In choosing a 
software methodology for this project it was useful to 
analyse the collective result of these two influences in 
the development of computer software in geography 
education.
However, it was first necessary to develop a suitable 
classification for current computer uses. Many 
classifications have been suggested for the types of 
computer activities in education, that of Hooper (1977) 
being typical of computer uses in the late 1970s. He 
distinguished five categories:
(a) research (analysis of educational data for higher 
research projects),
(b) teaching computing (mainly for Computer Studies 
examinations),
(c) administration (for example, record keeping and 
timetabling),
(d) management of learning, and
(e) learning resource.
The curriculum development work studied here was not 
directly concerned with the first three categories since 
these had no connection with computer assisted learning 
as such, but categories (d) and (e), taken together, 
described the state of computer assisted learning in the 
mid- and late-1970s. However, the initiatives taken by 
the DOI in the early 1980s changed the pattern of 
software and its use. In summarising the classroom use 
of computers in secondary schools in the mid-1980s it 
was possible to distinguish four sub-divisions, each one 
embodying a different educational philosophy:
(a) drills and practice,
(b) computer assisted instruction, (a subset of 
computer managed learning),
(c) simulation - (i) modelling
(ii) gaming
(d) data exploration - (i) mapping
(ii) statistics
(iii) data retrieval
2.2.1.1 Drill and practice
In 'drill and practice' the computer is used to implant 
new knowledge in the student - or to reinforce previous 
knowledge - by repeatedly asking simple questions on 
particular topics until the student can demonstrate his 
mastery of the material. Drill and practice exercises 
appeared as obvious candidates for presentation by a 
computer because they could reduce the inordinate 
amounts of teacher time devoted to inherently 
repetitious and tedious drill. Innovators also felt 
that the computer could bring a much needed personal 
interaction to such exercises, which large class sizes 
invariably prevented human tutors from providing.
Its problem as an educational method is that if students 
repeatedly make mistakes, they tend either to resort to 
'beating the system' or give up trying altogether. 
Furthermore, as Walker et al. (1980) claimed, the major 
weakness with automated drill and practice material is 
that it merely transforms the rote question and answer 
drill from the teacher to the computer and does little 
to enhance or justify this rather mechanical approach to 
teaching and learning.
Nevertheless, it has some positive features, notably
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(a) it gives an instant response to pupil input, a 
quality that the teacher cannot hope to compete 
with;
(b) it often provides graded exercises, changing in 
difficulty as the pupil becomes more adept; and
(c) it may provide remedial exercises where these are 
indicated by incorrect pupil responses.
In recent years, more effective drill and practice 
programs have been developed, often by the simple tactic 
of adding a 'fun' or competitive element to the 
exercises so that the repetitive drill is camouflaged by 
presenting the exercise as a 'game'. The graphics 
capabilities of the modern microcomputer have certainly 
allowed the format to be improved to a great extent.
A good example of this approach in geography is the 
program HURKLE, which may be used to reinforce the skill 
of using cartesian grid references in map reading. The 
program is presented as a game in which the computer 
hides a 'hurkle', a mythical beast, at random in a 
square-shaped region. Students attempt to find the 
hurkle by typing in grid references to locations in the 
region.
2.2.1.2 Computer assisted instruction
It is only a relatively small step from using the
computer as an exerciser to using it as an instructor.
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In the'tutorial form of computer assisted learning, 
termed computer assisted instruction, the computer leads 
the student through a body of material in the form of a 
simple tutorial. It presents a small parcel of 
information, asks a question (usually in a multiple 
choice form), and if the student replies correctly it 
assumes he understands the topic in question and routes 
him to the next step in the dialogue. If the student 
fails to provide the correct answer at any point the 
computer provides an explanation, asks again, and when 
the correct answer is forthcoming, continues with the 
lesson. In some systems, if the student gives a wrong 
answer he is directed to a remedial section of the 
program where the problematic material is covered in 
more detail until it is mastered. The main program 
sequence is then rejoined.
At its crudest, computer assisted instruction uses the 
computer merely as a costly *page-turner*, and is more a 
substitute for the textbook than for the infinitely more 
flexible human instructor. At a slightly more advanced 
level, tutorial computer assisted instruction programs 
incorporate facilities for branching, so that students 
may be routed through the stored subject matter in a 
manner that reflects their individual capabilities. In 
this latter approach tutorial programs are equipped with 
many of the techniques developed in the field of 
programmed learning.
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The discipline of geography has had its share of 
computer assisted instruction programs, particularly in 
North America where there was considerable 
experimentation with this approach (for example,
Baumann, 1970; and Huke, Fielding, and Rumage, 1969).
In a computer assisted instruction lesson on map scales 
(Jordan, 1969) some of the programs attempted to vary 
the dialogue by allowing student calculations to be 
checked as part of the lesson, but this variation is 
limited.
Few computer assisted instruction programs are able to 
determine whether or not the typing of a correct answer 
by the student means that he genuinely understands the 
point in question. Although tutorial computer assisted 
instruction is relatively little used in contemporary 
geography, there has been considerable progress in other 
areas. For example, several 'glossy* computer assisted 
instruction systems have been developed which are used 
for training purposes in industry, commerce and the 
armed forces (see Lahey and LaVille, 1969, for example).
Developments include the design of a number of authoring 
languages which enable interested teachers with a 
minimal knowledge of computers to participate in writing 
their own lessons. Among the better known of these are 
PILOT, COURSEWRITER and, more recently, MicroText. 
However, these computerised tools only allow teachers to 
write tutorial computer assisted instruction sequences
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with relatively simple branching patterns of the form:
(a) present a fact,
(b) ask a question,
(c) test the answer,
(d) branch to next question if correct, provide 
reinforcement if incorrect.
Traditional computer assisted instruction also suffers 
from other educational disadvantages. Firstly, it 
usually requires considerable capital investment, 
because it implies that there must be a one-to-one 
relationship between student and expensive computer 
terminal. Secondly, it requires considerable 
expenditure of time to produce effective computer 
assisted instruction programs to be implemented on a 
computer. Fielding and Rumage (1972) reported that 
authors frequently underestimated the time required by a 
factor of ten. Thirdly, although a plethora of author 
languages has been developed there is no universal or 
widely available authoring language designed for 
geography teachers to write their own computer assisted 
instruction sequences. Fourthly, most tutorial computer 
assisted instruction tends to adopt fairly inflexible 
and mechanical teaching strategies. Few, for example, 
allow students to ask questions, and most blithely 
assume that the student understands a particular item of 
information if he answers a question about it correctly. 
Worse still, many programs assume that the student will
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recognise his mistakes merely by being shown the correct 
answer. Finally, there are the purely practical 
problems of dissemination. Fielding (1974) describes 
one early innovator in geography who was later forced to 
translate many of his computer materials back into 
conventional printed programmed manuals, partly because 
of the high cost of computer assisted instruction, but 
largely because few target institutions had access to 
the necessary translators for the author languages in 
which his units were written.
The most significant claim for computer assisted 
instruction is that it individualises the teaching 
process. That is to say, students are given a 
one-to-one relationship with a computer program rather 
than sharing a human tutor with other members of their 
class. As Huke (1969) suggested, in theory this ought 
to mean that they would be able to move through the 
packaged material at their own pace, and would receive 
whatever additional tuition their lack of understanding 
demanded. In practice, however, 'individualisation* 
means that each pupil is given individual access to a 
computer assisted instruction program which does not 
take his strengths and weaknesses into account as would 
a sensitive teacher. The good teacher responds 
perceptively to the varying needs of his students, but 
it is enormously difficult to build this deceptively 
easy adaptability into such programs.
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Howe (1 9 7 8) has suggested that the techniques developed 
in the field of artificial intelligence might create 
more responsive programs. However, the field of 
artificial intelligence is still in its embryonic stage, 
and significant developments in computer assisted 
instruction cannot be expected in the foreseeable 
future.
Rushby (1977) has noted that computer assisted 
instruction is just one example of computer managed 
learning, since in addition to a teaching function the 
computer also performs a management function by routing 
students through learning materials and providing 
reports on progress to teachers. However, in computer 
managed learning the teaching may be done by the 
teacher, or by educational resources other than the 
computer. Hooper (1975) listed four main functions of 
computer managed learning:
(a) tests (production, marking and analysis),
(b) routing (of student through courses of study),
(c) record keeping, and
(d) report writing.
In the late 1970s such applications received widespread 
interest at the primary and secondary school levels. 
However, more recently, computer managed learning's 
shortcomings have been shown to be related to those 
described above for computer assisted instruction.
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Sleeman and Brown (1982) listed four inherent problems:
(a) The instruction material produced in response to a 
student's query or mistake is often at the wrong 
level of detail, as the system assumes too much or 
too little student knowledge,
(b) The system assumes a particular conceptualisation 
of the domain, thereby coercing a student's 
performance into its own conceptual framework. None 
of these systems can discover, and work within, the 
student's own (idiosyncratic) conceptualisation to 
diagnose his 'mind bugs' within that framework.
(c) The tutoring and critiquing strategies used by 
these systems are excessively ad hoc, reflecting 
unprincipled institutions about how to control their 
behaviour. Discovering consistent principles would 
be facilitated by constructing better theories of 
learning and mislearning - a task requiring detailed 
psychological theories of knowledge representation 
and belief revision.
(d) User interaction is still too restrictive, limiting 
the student's expressiveness and thereby limiting 
the ability of the tutors diagnostic mechanisms.
On top of these difficulties, a survey conducted by
Hawkins (1978) noted that the idiosyncracies of teachers
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in different institutions formed one of the greatest 
obstacles to the production of effective materials. 
Frequently, teachers requested material specific to 
their particular needs and environment, which, because 
of institutional insularity, they felt could not be 
reproduced anywhere else. This theme was taken up by 
Wilson (1979) when he explored reasons why little 
account is taken of the potential advantages of 
professionally produced computer managed learning 
packages. He suggested that the reasons must lie in the 
wish of teachers to remain in operational and curricular 
control. In short, what one institution produced was 
rarely transferable to another institution, and yet
"older educational technology - the book or the 
learned article - fares better than the new in 
gaining acceptance outside the department or 
institution in which it originated,"
It should be added that, inspite of these drawbacks, 
there are still developments attempting to further the 
course of computer assisted instruction and computer 
managed learning. As recently as 1980 it was argued 
that computer assisted instruction gives the learner 
MORE freedom, not less, at least in the sense that he 
may control his own pace and select his own materials 
from the (limited) choice available (Edmonds, 1980).
This aspect will be discussed again later, but is at 
odds with the mainstream of thought in educational
18
technology.
2.2.1,3 Simulation and gaming
A glance through the catalogues of the major educational 
software publishers is all that is needed to show that 
simulation and gaming is currently the most popular 
category of computer assisted learning. This emphasis 
is particularly strong in geography where, it will be 
argued, the nature of the subject lends itself to this 
approach.
The patterns of locational and man-environment 
relationships, which constitute much of the subject 
matter of geography, are the result of countless numbers 
of decisions that have been made in the past and of 
others which continue to be reached today. Decisions 
concerning, for example, the location of iron-works in 
1820 or housing estates in 1977 are made against a 
background of information available and the values and 
attitudes of individuals and society prevailing at the 
time. Information available for decision-making is 
often incomplete and may also be inaccurate in some 
respects; in addition, the individual or group 
responsible for making a decision may not be fully aware 
of the full range of other possibilities. Chance 
factors, particularly physical hazards such as flood, 
landslide, drought and runs of inclement weather may not 
only affect crop yields and damage property but also 
alter people's perception of what is likely to happen in
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the future. This may therefore have important 
repercussions in future location decisions. Those 
assessing the opportunities may also be subject to a 
variety of external pressures - social and political - 
which influence their response in particular 
circumstances. Even if all the relevant information 
was available, different groups of decision-makers might 
perceive the same facts and range of alternatives in 
contrasting ways and consequently act diversely. Thus 
an individual's view of the environment can influence 
the way in which conclusions are reached.
It is against such a background that the use of games 
and simulations has developed as a teaching technique in 
geography. Often, these take the form of exercises 
which are designed to present chosen situations to 
pupils and to require them, sometimes through a form of 
role-play, to take decisions on the basis of information 
provided. Chance factors, such as those referred to 
above, may also be fed into a game, perhaps leading 
pupils to develop strategies which parallel those in the 
real world. Various conclusions may be reached; some 
may be argued to be better than others but often it is 
possible to show that there is no right or wrong answer, 
and this learning experience may help pupils to gain a 
deeper understanding of the evolution of patterns of 
locations and distributions and to establish 
generalisations. When a simulation is concerned with 
events over a long period of time (for example, the
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development of Anglo-Saxon villages by Ferguson, 1981) 
pupils come to realise how locational decisions made at 
an earlier time have a profound influence on current 
developments. As HM Inspectorate (1978) pointed out, 
these techniques of modelling and gaming 'can increase 
motivation, add to understanding and influence the 
development of attitudes and values.'
Placed within a computer program, a model becomes a 
proxy world which students can investigate at their 
convenience. There are many situations where the use of 
a simulation is to be preferred to the direct study of 
the real world. Some features of the real world are 
inaccessible to the student; some are dangerous; some 
are too drawn out in time, while some are too rapid; 
field investigations by students are generally time 
consuming and costly. In general, simulations enable 
students to vary or control the behaviour of key 
variables in a system of interest, and to consider the 
resulting effects simply and quickly. The validity of 
such results will always be limited by the finite and 
arbitary nature of the model, but it can provide a focus 
for very useful experimentation and discussion.
Simulations that attempt to model the real world may be 
divided into those that provide students with manageable 
replicas of the real world (descriptive models) and 
those that embody the geographers conception of how the 
world might, or should, behave under certain ideal
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conditions (prescriptive models). Not surprisingly, a 
large proportion of the descriptive models come from the 
physical side of geography where the processes 
observable in the natural environment are often 
understood and are capable of quantification.
Prescriptive models are realisations of normative 
geographical theory. Many geographical models have been 
developed which ostensively replicate actual physical 
and social processes. Frequently, such models employ 
complicated and time-consuming calculations and may be 
used to examine processes that occur through space and 
time. For example, the monte carlo and markov chain 
techniques may be used to model patterns of industrial 
location within a region over a number of years (Bale, 
1 9 8 1). Before the development of a suitable computer 
program, analysis of this particular model of locational 
decision-making was both time consuming and tedius. 
However, the program 'Factory Location' (Ferguson and 
Burcham, I9 8 3) not only releases pupils from the 
drudgery of calculation but enables them to use local 
data in order to forecast local patterns of industrial 
location. Such models are ideally suited to a computer 
interpretation which permits students to make trial and 
error investigations of simplified models of the real 
world.
A third type of simulation, 'gaming', can be used to 
illustrate the process of decision-making which leads to
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the creation of particular landscapes, or to patterns of 
behaviour in space (Taylor and Walford, 1978). Gaming 
provides insights for students which are difficult to 
achieve by other more traditional methods. Students 
play with or against the computer which calculates the 
outcomes of the student decisions. Because the computer 
program administers the game, less memorisation of the 
rules is required, and the computer can also take care 
of the score and the current state of the game 
environment. The computer thus emancipates the players 
from the necessary drudgery of the game, allowing them 
to concentrate on the concepts conveyed. For example, 
in the computer game 'SLICK* the pupils take the role of 
pollution controllers. A simulated oil-slick moves 
inexerably towards valuable fishing grounds and beaches; 
the game-players move booms and spray detergent in an 
attempt to limit the damage to the environment. Chance 
factors, such as wind speed and direction, are 
controlled by the computer, which also calculates the 
new position of the slick at each stage of the 
simulation. At the end of the game the computer 
provides an analysis of the success or otherwise of the 
game-players, who would then hope to improve their 
performance at the next attempt - as they begin to 
master the concepts involved - although the 'chance* 
factors may work against them.
2.2.1.4 Data Exploration
The research highlighted several types of data
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exploration activities which could be supported by the 
computer: graphic (including cartographic) display, 
information storage and retrieval, data capture, 
exploratory data analysis, classical statistical 
analysis and spatial analysis.
Computer mapping supports truly exploratory analysis of 
geographical data. When maps are hand-drawn, the 
process takes such a long time that it inevitably 
becomes reserved for practising specific map drawing 
skills or for producing finished maps of presentation 
quality. Because it is seen as a one-off activity, 
hand-mapping does little to assist students in making 
sense of large bodies of geographical information. With 
the advent of high-speed computer mapping facilities, 
students are immediately relieved of the drudgery 
associated with map compilation and drawing, and are 
free to produce maps of many different variables and for 
large sets of data on an exploratory basis. If the map 
fails to show anything interesting or significant, it 
can be consigned to the wastepaper bin with none of the 
usual frustration associated with hand-mapping. A 
second advantage lies in the computer's flexibility and 
speed. It should be possible for students to change 
various features of their maps at will until a map is 
produced which provides appropriate insights.
However, such flexible programs are generally only 
available on mainframe computers and have been largely
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restricted to users in higher education. Further, as 
Cerny (1972) notes, they are large and rather cumbersome 
to use, particularly for novices. Perhaps the most 
widely available and widely used mapping program is 
SYMAP, described by Robertson (1967). This program can 
produce four types of thematic map: isopleth, 
choropleth, proximal and trend surface. However, the 
production of such maps requires the use of a 
lineprinter (an expensive item of equipment to which few 
if any schools have reliable access). The program also 
provides a comprehensive range of options designed for 
research use; these provide the system with considerable 
power, but consequently make it very difficult for the 
novice to make use of the system. Few such programs 
have been designed for student use specifically, and 
until recently most programs did not provide access to 
the sort of interactive graphics facilities that are 
necessary if children are to explore their data in a 
free 'trial and error' fashion.
Geographers have devised a large variety of descriptive 
spatial measures, and many of the simpler ones may be 
put to good use by students looking for patterns in 
their own spatial data. Such statistical techniques 
either reduce data complexity by generalising, smoothing 
or classifying original data observations (cluster 
analysis and principal component analysis, for example), 
or they reduce the complete set of observations to a 
single summary statistic or small number of such
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statistics (as in near-neighbour analysis for example). 
Although many microcomputer programs have been designed 
for the tabulation and statistical anaysis of linear 
data, machines capable of analysing spatial 
distributions in a statistical fashion are restricted 
mainly to research establishments. As the writer has 
noted elsewhere, Ferguson and Hones (1983), there are 
exceptions, but these have usually been programs 
designed and implemented locally to service particular 
techniques.
One of the incidental effects of treating the computer 
merely as a calculator is that its role as an 
general-purpose information processor tends to be 
overlooked. A major breakthrough in the field of 
computer assisted learning in secondary education was 
made with the production of MicroQuery (produced by the 
Advisory Unit for Computer Based Education, AUCBE), a 
microcomputer version of the mainframe version 'Query* 
developed at Hatfield Polytechnic. The use of the 
computer in information retrieval has two major 
advantages: it assists the handling of large volumes of 
data, and it helps in manipulating the data where 
relatively complicated analysis are required.
Used as a device for automated information retrieval the 
computer is able to support both inductive and deductive 
approaches to data exploration. If a student wishes to 
generate new hypotheses then he can make random searches
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through his data; if he wishes to test a specific hunch 
or preconception, then he can do so by making a more 
formal or focussed search, drawing out data which 
relates to a specific line of thought. Query-like 
programs permit students to make selective searches 
through both numerical and non-numerical ('literal* or 
'string') data; for example, Jackson (1972, 1975) and 
Knox (1975) have reported how such a facility allowed 
students of metoerology to search through meteorological 
data for specific weather patterns. Using a commercial 
information retrieval program and data culled from the 
census returns for various parishes in East Anglia, an 
evaluation by the Local History Classroom Project 
(Labbett, 1977; Hunt, 1979) shows how local history can 
be made to come alive in the classroom. Students were 
able to test the assertions of history textbooks against 
the realities of local circumstances, and were able to 
erect generalisations of their own based on detailed 
searching of their local data.
Part of the attraction of information retrieval programs 
is that students may also gather their own data samples 
which may then be entered into data files using the data 
management facilities provided with each retrieval 
system. Programs such as MicroQuery may then be used to 
great effect with students searching their own data for 
appropriate patterns, and formulating and testing their 
own hypotheses.
27
2,2.2 Towards a methodology
These then were the major methodologies used in computer
assisted learning in geography, and the various 
advantages and drawbacks discussed had to be considered 
in formulating proposals for a flexible microcomputer- 
based tool that would be suited to learning geography at 
the secondary school level. The decision about what 
methodology this should embody was of crucial
importance. As Hooper (1977b) has pointed out, the
computer is not a panacea for educational ills:
"Its future success will depend on its being 
applied sensibly and sensitively to relevant 
problems."
It was hoped that the methodology engaged for the 
materials to be developed would be chosen sensibly and 
sensitively enough, giving due consideration to both 
idealogical and pragmatic influences.
2.2.2.1 A policy of active learning
The work of Papert (1980) provides a central theme to 
recent research in educational technology. Crucial to 
Papert*s thinking was the notion of computers helping 
children to develop and 'debug* their own conceptual 
structure naturally, as a baby learns to speak, by trial 
and error, practice and immersion in a cultural climate 
which is conducive to learning. Clearly this view is 
greatly removed from the attempt to impose received
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wisdom and alien conceptual structures on the child 
which characterises the 'instructional* aspects of 
computer assisted learning. However, it is not 
unnatural that teachers should see some advantages in 
the computer assisted instruction approach. Since 
secondary syllabuses are crowded and demanding, 
classroom practice is often based upon teacher-talk, 
question and answer, and assignment. Teachers see this 
as an economic way of achieving their objectives, 
particularly getting children through examinations. As 
Howe (1 9 8 3) suggested, this approach '...teaches 
children that learning takes place through being told.'
In other words it encourages children to be passive 
recipients instead of active participants. Papert 
argued that young children teach themselves by an active 
process which involves the devising of concepts based on 
recognised patterns, observing the differences between 
predicted and desired outcomes, and making corrections 
to reduce these differences. That is to say, learning 
is an active process involving the feedback of 
information about discrepancy, thus enabling the system 
to adjust its characteristics to minimise subsequent 
deviation.
In order to encourage Piagetian learning by active 
exploration and experimentation, Papert suggested that a 
problem solving methodology be developed in which the 
key notion is problem decomposition. Problem solving
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takes place within a familiar context, and proceeds by 
breaking the problem down into more tractable parts, 
solving the parts, and then combining them to solve the 
whole. In computer terminology this is a 'top down' 
problem solving stategy, working backwards from the goal 
(solving the problem) through a hierarchy of sub-goals 
(solving parts of the problem). Each level in this 
hierarchy is characterised by active information 
gathering, including feedback of information in response 
to actions directed towards goal achievement. This top 
down approach stands in stark contrast to the bottom up 
approach to problem solving which prevails in the 
classroom today and is expressed by a preoccupation with 
sub-goals, the top level goals being well beyond the 
sight of the majority of pupils.
It is immediately clear that the drill and practice and 
computer assisted instruction methodolgies will not 
satisfy Piagetian objectives in that they are 
restrictive both on the learner and on the computer.
All the computer does is to accept the pupil's answers 
or responses as a list of meaningless symbols, and 
compares this list with another list of symbols (which 
represent the correct answers) that have been provided 
by the programmer or teacher, or calculated by the 
computer. The computer does not interpret the pupil's 
answers, it merely responds according to the result of a 
comparison. Programs which offer elementary diagnosis 
of mistakes are simple extensions of this technique (in
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this case the computer program contains lists of known 
errors). Such programs are not - nor can be, given the 
current technology - designed to encourage active 
problem solving.
2 ,2 ,2 , 2  Pragmatic considerations
Much of the above criticism directed at the drill and 
practice and computer assisted instruction methodologies 
presupposes a value judgement between competing beliefs 
of active and passive learning stategies. However, 
there was a second factor in opposition to these 
methodologies, somewhat more pragmatic in nature than 
the first. This concerned the tendency to centralise 
production of software packages. This trend is fostered 
by three influences:
(a) There are few people within the education system 
capable of producing high-quality microcomputer 
programs. Most teachers are experts in education 
and have little time to study computer theory; on 
the other hand, graduates in computer science are 
all too often tempted away from the teaching 
profession by the more attractive environments and 
rewards available in industry and commerce.
(b) The specialist needs of a design team. The 
production of high quality, reliable software 
requires considerable capital expenditure for 
research support and specialist hardware.
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(c) The hard economic facts of maintaining production. 
Every week, it seems, a new computer is launched 
onto the home and education market. Software must 
be updated and adapted continually, and software 
houses therefore require sound financial backing if 
production is to be maintained.
The result is that software has become increasingly 
specialised and of high technical quality, and yet it is 
desirable that teachers have genuine freedom of choice 
in how they integrate computer software into their 
teaching. This requires that they are able to make an 
active choice among a variety of possible approaches and 
not be directed to by the software. Forer (1983) 
emphasised this and recommended that 'Teachers should be 
encouraged to adapt packages locally to suit their 
pupils and their curriculum, especially in subjects like 
geography.'
The writer identified four possible solutions to the 
problem of software flexibility:
(a) the software must be such that it can be amended by 
(non-expert) teachers,
(b) authorities must employ professional programmers to 
work in central locations to deal with requests from 
teachers to change programs to suit local needs,
(c) there must be sufficient quantity of varied
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software such that as many as possible learning 
requirements are met, or
(d) the software must be inherently flexible.
The increasingly technical nature of modern software (a 
result of increasingly complex hardware and rising 
expectations from end-users) makes the first of these 
alternatives unviable. It would be quite impossible to 
achieve the widespread expertise that this approach 
demands; extensive funds would be needed to provide the 
teaching profession with numerous in-service training 
courses, and more time and money would be required for 
initial teacher training. Futhermore, many teachers 
would avoid using computer programs rather than undergo 
such training.
Many Local Education Authorities have made steps towards 
satisfying the second alternative, that of employing 
specialists centrally. Many have employed advisors and 
teacher-advisors to cope with ever increasing pressure 
from enthusiastic teachers. However, such advisors have 
little time for changing published programs, spending 
the majority of their time advising schools on which 
computer or program to buy and how and where to use 
them; the remainder of their time must be devoted to 
keeping track of the ever-changing technology. 
Authorities are naturally reluctant to employ highly 
paid programmers to cope with the somewhat tedious task 
of amending published programs. In any case, there is a
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trend for minor software houses to copy-protect their 
products, making it impossible for others to alter the 
programs; there is every likelihood that the larger 
publishers will follow suit, driven by economic 
necessity.
The third alternative is unrealistic in that it will be 
a great many years before established publishers could 
hope to cover the varied needs of teachers. Further, 
these needs are changing constantly in parallel with a 
dynamic curriculum. Even supposing that such a state 
could be reached, the plethera of software produced 
would place unbearable demands upon the cataloguing and 
reviewing skills of teachers.
The fourth alternative, that of producing software that 
can be used in a variety of learning situations, is 
therefore the only realistic solution. This approach 
has been recognised by Lewis (1983):
”...teachers find that much that is available is 
inappropriate and/or too inflexible to be adapted to 
their own teaching needs. One must sympathise with 
developers of educational technology materials which 
are not linked with computers, but there is no 
excuse for microcomputer-based materials being 
inflexible. After all, the single most important 
feature of microelectronic devices is that they can 
be software controlled."
34
However, not only is this approach inconsistent with the 
methodologies employed by drill and practice and 
computer assisted instruction, it is also incompatible 
with the approach used by simulation programs since 
these embody specific models of geographic theory. This 
is not to say that simulation methodologies cannot be 
used as part of an innovative curriculum, merely that, 
in themselves, they restrict teachers in terms of 
subject content. As noted elsewhere (Ferguson, Hones 
and Richards, 1983):
"The majority of existing programs for geography 
focus on specific concepts and skills. The very 
clarity and precision of their objectives can thus 
be limiting in their use in the classroom, the 
programs only being of value for specific parts of 
the syllabus."
Flexible, multi-purpose geographical software should 
therefore be based on a concept and topic-independent 
methodology. If it is assumed that a system can be 
designed such that it is consistent with this 
philosophy, then there are two fundamental functions 
(from a geographical point of view) of which it must be 
capable. These are:
(a) it must allow for theories regarding patterns of 
geographic variations (both within and between
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variables) to be discovered inductively, and
(b) it should allow the constructs arrived at in (a) to 
be tested deductively, and improved by 'trial and 
error' methods.
These requirements are in part met by the current data 
exploration programs such as those which facilitate 
computer mapping, and enquiry programs like MicroQuery 
that allow hypotheses to be formulated, tested and 
amended by active investigation of data sets. 
Unfortunately, concept-independant spatial enquiry 
programs (such as mapping systems) were unavailable for 
use with microcomputers. The enquiry and database 
systems that were currently available to schools were 
essentially 'longitundinal' or 'linear' in nature, and 
this naturally inhibited users from interpreting 
databases 'spatially'.
2,2.3 A design aim
There was a need, therefore, for a general purpose 
'geographical database' system. In view of the 
discussion above, it was felt that the system should 
have the following general objectives:
(a) It should be concept- and topic-independent. Where 
possible, the system should avoid models of 
geographical behaviour which will limit its use.
(b) It should be capable of being easily controlled by
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teachers and pupils, regardless of age, experience 
or ability.
(c) It should be capable of supporting various types of 
classroom and learning models.
To these general aims was added the note that (c) above 
should include open-ended investigation and 
problem-solving of the type described earlier.
J.S. Bruner wrote of learning in general:
"Mastery of the fundamental ideas of a field 
involves not only the grasping of general 
principles, but also the development of an 
attitude toward learning and enquiry, toward the 
possibility of solving problems on one's own." 
(1960, The Process of Education).
This aspect was particularly important in view of recent 
moves in geography teaching (and in geography 
examinations) towards individual project work.
It is important to note that such a system should not 
comprise 'software' alone. Too often, programs are not 
supplied with enough support materials. Lewis (1983) 
recommended that there needed to be at least three 
elements in a computer assisted learning package of 
material: pupil notes, a teachers guide and a computer 
program. As Megarry (1983) pointed out, such a 
'package' approach 'makes computer use accessible to the 
majority, especially if the program is 'user friendly'
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and well documented.'
Inevitably, the design of a geographical database system 
represents a compromise between what is educationally 
desirable and what is technically possible, but on the 
basis of the principles above the research could begin 
to enter a second stage of development.
2.3 A design model
In designing a system of any sort it is necessary to 
devise a model which describes the system, defining its 
major components. In 1975 the Standards Planning And 
Requirements Committee (SPARC) of the American National 
Standards Institute (ANSI) committee on computers and 
information processing published a proposal concerning 
the architecture of a database management system 
(ANSI/X3/SPARC, 1975, 1978). An overview of the model 
is given in Figure 2.1.
The ANSI architecture is nowadays widely accepted as a 
model for the design of database management systems. 
However, the geographical database discussed here 
differed from the systems envisaged by the model's 
designers in one important respect, namely that the 
research machine to be used in the present development 
was many hundreds of times slower and smaller than the 
machines for which database systems are normally 
designed. The main purpose of the ANSI model was to 
allow researchers to consider various levels (called
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'realms') of the design procedure in isolation. For 
example, the model permits researchers to design and 
develop applications programs (programs which do the 
tasks required by the 'end-users') in isolation from 
specific machine environments; and to design and 
implement data structures without having to know the 
uses to which the structures, or the data, would be put.
However, realm-independence is not possible where the 
machine limitations are great, as was the case here, 
because the researcher must continually balance what is 
desirable with what is possible in a constricted 
environment.
Despite this, the ANSI model was useful for two reasons:
(a) It provided a basis for the logical development of 
the geographical database system.
(b) It ENCOURAGED realm-independence. This had one 
overriding advantage, namely that it provided scope 
for detailed consideration of the database 
philosophy, and indicated how the conclusions and 
decisions thus reached could be directly implemented 
in a concrete database system.
2 .3 . 1  A three level architecture
The three-level architecture is designed such that each 
level may be considered independently, so simplifying 
the design procedure of the database management system.
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All database systems consist of a mini-world (see figure 
2,1) of information concerning areas of the real-world 
that are relevant to the users. The mini-world is a 
structured subset of the real-world and may be described 
by a CONCEPTUAL DATA MODEL. The conceptual data model 
must therefore encapsulate the philosophy of the 
database; in the case in point it must describe a model 
into which geographical information may be inserted, and 
must give that information some meaning in relation to 
all the other types of information in the data model.
The conceptual data model must have a concrete 
representation. This is provided by the INTERNAL DATA 
MODEL. In essence, the internal realm describes the way 
in which each item of information is physically stored 
in the computer or on some storage medium such as a 
floppy disc. The end-user need never understand the 
internal data model - it should remain completely 
independant of the conceptual data model in the sense 
that changes that are made to it should not demand 
changes in the conceptual realm. The actual form of the 
internal data model will depend on the characteristics 
of the computer and the skill of the system designer.
The latter must strive to maximise the efficiency of the 
model in terms of the amount of memory space it uses and 
the speed with which individual items or subsets of the 
data can be handled.
The third realm relates to the way in which the system
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applications programs view the conceptual model. Each 
applications program will have its own view, described 
by its EXTERNAL DATA MODEL. Imagine, for example, a 
database in which is stored census information. The 
conceptual data model might state that the database 
contains information about households within an 
Enumeration District. One applications program may be 
designed to LIST the names of all the Heads of Household 
within the Enumeration District; in this case the 
external data model of the applications program must 
include information regarding the structure of the 
database, and in particular the location of each 
occurance of Head of Household information. Each Head 
of Household is seen as a unique item of information and 
is thus listed. Another applications program may be 
designed to COUNT the number of infants within the 
District; in this case each item of data is not viewed 
as a unique case, but the tally is incremented every 
time such an item (an infant) is found. This will be 
reflected in a different external data model. Note that 
in this example the internal data model is of no concern 
to the user. It might be supposed that the information 
would be physically stored household-by-household, but 
it might be more efficient to store lists of all the 
Heads of Households together (with labels to indicate 
the household to which they belong), the names and ages 
of the children within the District stored as one block 
somewhere else, and so on.
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2.3.2 A development model
Vetter and Maddison (1980) have proposed a generalised 
development model for implementing the three level 
database architecture, and this was adapted to provide a 
basis for the development and evaluation of the present 
microcomputer database system. It is illustrated in 
figure 2.2.
The first stage of the model, that of identifying the 
problem, was now complete. Stage two is covered in 
chapters 3 to 6; together, these chapters form the basis 
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The design of the conceptual realm of the proposed 
geographical database had to take into account three 
factors: the desired mini world; the needs of the 
external data model; and the limitations imposed by the 
internal realm (see figure 2.1). It will be shown in 
this chapter that the overriding considerations in the 
design of the conceptual data model were educational, 
tempered by the available hardware on the one hand and 
the known algorithms on the other.
The principle purpose of a conceptual data model is to 
provide a model of the real-world. All databases have 
the limitation that they cannot contain ALL the 
information pertinent to a particular investigation or 
topic being studied; there is simply too much 
information, in too many forms and from too many 
sources. However, all databases can be designed to 
consist of a structured subset of the real-world which, 
if ordered sensibly by a conceptual data model, can 
reveal relationships related to the real-world. The way 
in which the real-world information is ordered is 
described by the conceptual data model. The model 
should be fully comprehensible to users of the database
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system; they must understand how it works and know what 
its limitations are and, most important of all, how it 
relates to the real-world. Given this ability users 
should be able to build concepts and make 
generalisations based upon the behaviour of the model 
and relate their learning to their everyday life and 
environment. However, conceptual data models will, 
inevitably, influence the way in which users of the 
database system view the real-world. Care must 
therefore be taken to ensure that the model does not 
mislead users as to the nature of the real-world, whilst 
at the same time it must seek to simplify. As has been 
pointed out by HMI (1978), all models 'involve a degree 
abstraction, since only by setting aside some detail are 
we able to identify significant patterns and so make 
some sense of the complexities of the real world.'
Hence the conceptual data model will not reveal all the 
details of a situation but should focus on those aspects 
which are most significant.
Ideally, it should be possible to consider the 
conceptual data model in isolation from the other data 
models, that is, the database system should be a 
concrete representation of its educational aims and 
objectives. Unfortunately, this was not possible given 
the severe limitations of size and speed imposed by the 
microcompter. The conceptual data model's design 
criteria had to take account of the needs of the other 
models.
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The external data model of each applications program 
that operates on the database will see only that subset 
of the conceptual data model that is relevant to the 
current task; it is essential that these external data 
models can be supported by the conceptual realm. To 
take the example used in the last chapter regarding a 
census database, the conceptual data model briefly 
described, in which household data was organised, might 
be inappropriate for an applications program designed to 
answer questions such as 'Are there concentrations of 
pensioners within the Enumeration District?' or 'Is 
there a connection between the number of cars owned in a 
household with the ratable value of the house?'. As the 
conceptual data model developed it became increasingly 
important to keep in mind an image of what the 
applications programs were to achieve; in the case of a 
geographical database this was a function of the number 
of different methods by which two-dimensional data could 
be displayed and interrogated and of the possible 
programming schemes that were available for implementing 
these applications.
Similarly, the conceptual data model had to be capable 
of representation within the computer, as described by 
an internal data model. It was remembered at all times 
that the proposed conceptual data model was to be 
represented within the confines of a microcomputer, in 
which storage space was limited and operations were slow
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(relative to larger, more expensive computers).
3.2 Theme for a theoretic model
The most important decision to be made at this stage 
concerned the rationale behind the mini-world that was 
to be created. It was decided that the rationale should 
take into account current educational thinking.
3.2.1 Children as builders
In deciding on a software methodology it was argued in 
chapter 2 that note should be taken of the Piagetian 
model of children's conceptual development as builders 
of their own intellectual structures. Since one aim of 
the research was to encourage the development of enquiry 
skills across a range of ages and abilities, the 
conceptual data model needed to consider the children's 
stages of development and to allow for the way in which 
children learn to think by gradually extending their 
ability to manipulate ideas. A more detailed 
examination of the work of Piaget and others would help, 
it was hoped, to provide a basis for the design of the 
mini-world.
It needs to be recognised, as Piaget pointed out, that 
children seem to be innately gifted learners, acquiring 
long before they go to school a vast quantity of 
knowledge by a process of 'learning without being 
taught'. As Donaldson (1978) pointed out, Piaget 
implied that 'Learning is rooted in experience', that
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children need to experience in order to learn, that they 
are unable to develop concepts without such experiences, 
and that learning is inhibited unless they are 
encouraged to 'build for themselves'.
For example, in the middle school years they become more 
adept at classifying objects and events. However, much 
of their thinking remains tied to concrete experiences; 
they are able to reason logically provided that what 
they are thinking about has meaning for them in physical 
terms. Problem solving is a matter of trial and error 
rather than a strategy based on the formulation and 
testing of hypotheses.
Those adolescents who are capable of 'formal operational 
thought' can move from the world that has been 
experienced to the world of the possible. They can 
reason from propositions, accepting premises and working 
logically from them. Their thinking extends beyond an 
understanding of relationships between objects or events 
to an understanding of relations between ideas which 
themselves represent relations: ideas such as density 
and equilibrium are now available to them. Problem 
solving can at last be tackled in a systematic way; it 
is at this stage that children can begin to make sense 
of the more abstract concepts and generalisations that 
lie at the heart of a discipline.
Papert (1980) emphasises the importance of the
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surrounding culture as a source of intellectual building 
materials :
"It is generally assumed that children cannot 
learn formal geometry until well into their 
school years and that most cannot learn it too 
well even then. But we can quickly see that 
these assumptions are based on extremely weak 
evidence by asking analogous questions about the 
ability of children to learn French. If we had 
to base our opinions on observation of how poorly 
children learned French in American schools, we 
would have to conclude that most people were 
incapable of mastering it. But we know that all 
normal children would learn it very easily if 
they lived in France. My conjecture is that much 
of what we see now as too 'formal* or too 
'mathematical' will be learned just as easily 
when children grow up in the computer-rich world 
of the very near future."
The role of the computer becomes that of a carrier of 
cultural 'germs' or 'seeds' whose intellectual products 
will not need technological support once they take root 
in an actively growing mind. Papert suggests that it is 
possible to design computer worlds so that learning to 
communicate with them can be a natural process, more 
like learning French by living in France than like 
trying to learn it through the unnatural process of
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foreign-language instruction in the classroom. Papert, 
who had a long association with the computer language 
LOGO and in particular with its graphics capability 
(termed 'turtle graphics'), felt sufficiently confident 
to suggest that:
"The idea of 'talking mathematics' to a computer 
can be generalised to a view of learning 
mathematics in 'Mathland'"
(Papert, 1980)
An important question for the present research was 
whether it was possible to design the conceptual data 
model such that it embodied a 'Geoland', a culture where 
geographical qualities were implicit.
3.2.2 The Geoland concept
This Geoland analogy may at first seem tenuous. It 
could be argued that mathematics is an abstract system 
and perhaps needs such constructs as Mathland while, on 
the other hand, aspects of geography can be seen and 
experienced in many areas of everyday life. On this 
basis it could be asked why an abstract model should be 
created to explain a concrete reality. The answer is 
two-fold. Firstly, the environment consists of a great 
many interrelated systems, and geography is itself a 
realm of knowledge that embodies innumerable concepts.
To see the results of these concepts in operation is not 
necessarily to understand the system or its driving
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force.
It is true.that most children are exposed to a wealth of 
information about the world in which they live.
Relevant experience is obtained at home, in the local 
area, on journeys further afield and from sources such 
as magazines and television. However, the accumulation 
of a store of discrete bits will not in itself lead very 
far. The process of learning, as described above, 
depends on the individual being able to reflect on 
previous experiences and generalise from them. It was 
hoped that 'Geoland* would provide a medium in which 
this process could occur.
Secondly, although in their early years children develop 
some knowledge about a vast range of objects and 
activities that come within their direct personal 
experiences, it is much more difficult for them to 
develop a concept of some object or process of which 
they have no direct experience or which they cannot 
easily observe in its entirety. Thus the idea of a 
glacier, a drainage basin, a tropical plantation, the 
process of migration or the development of a cyclonic 
weather system may be difficult for youngsters to grasp. 
This point has been recognised by HMI (1978):
"... many of the concepts used regularly by 
geographers relate to extremely complex features 
and understanding their essential nature involves
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a high degree of abstraction,"
A mini-world in which geographical 'space' can be 
simplified; enlarged or reduced, might aid the 
development of geographical concepts in children given 
the time and opportunity to explore it, in the same way 
that mathematical concepts may be built in the world of 
LOGO and turtle graphics,
3.3 Towards a conceptual data model
The Geoland concept provided a basis for the continued 
development of the research. It now became necessary to 
consider the practical implications for the development 
of the conceptual data model,
3 .3 . 1  Geographical building blocks 
If it be assumed that such a mini-world design is 
possible, what will be the building blocks that will 
make up Geoland? There is still much controversy 
regarding the nature of 'geography'. However, since the 
1960s few would dispute that it is now a data dependent, 
data-based science. It is also essentially spatial in 
its approach, with the data of geography found across 
earth space. Whether data are representing the amount 
of some object or the precise location of a particular 
item, 'the spatial qualities of location, area and 
quantity are essential elements in geographic inquiry,' 
(Stoltman, 1984),
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It was instructive, therefore, to consider some examples 
of the qualities that exhibited such variation. 
Initially, three such qualities were distinguished, 
namely regional, continuous and discrete variables:
(a) Regional variables. This class of geographical 
variables present fairly clearly defined, physical 
boundaries. Such boundaries exist between adjacent 
rock types for example. Providing one does not look 
too closely between two contiguous rock types it 
ought to be possible to find a series of points such
that one rock type exists on one side of the barrier
with the second type on the other. This is the case
with Geological Survey maps. Of course, this
presupposes that the variable can be defined such 
that the constitution of each class of rocktype is 
unambiguous.
(b) Continuous variables. It was possible to 
distinguish a second class of variables that are in 
theory continuous over area or space. Such 
variables do not lend themselves to natural 
partitioning. For example, a value for temperature 
in theory exists for each point in a geographical 
continuum, but in practice temperature samples are 
taken at discrete intervals. Probable values for 
between-sample locations may then be interpolated 
from an assumed temperature gradient providing that 
the sample locations are sufficiently close to allow
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the simplifying assumptions to be made. 
Alternatively, sample points may be assumed to be 
representative of artificially imposed geographical 
regions, giving rise to temperature 'bands'.
(c) Discrete variables. A third type of geographical 
variable attempts to measure spatially-distributed 
discrete quantities. In attempting to assess the 
distribution of such variables it is common to 
impose artificial boundaries BEFORE quantification. 
How, for example, can the distribution of population 
be measured within a geographical continuum? One 
approach is to pinpoint the exact location of each 
entity, but this is not practicable on a large 
scale, and furthermore would require a subsequent 
transformation before an analyses of the pattern of 
the distribution were possible. An alternative 
approach is to pre-define geographical sub-regions 
according to criteria other than the subject 
variable, and to enumerate the entities within these 
pre-defined boundaries. The resulting variable, 
population 'density', is continuous if geographical 
area is viewed as the sum of intersecting areas, but 
not if it is seen as a continuum of points.
These few examples showed that the building blocks of 
the conceptual data model were multifarious, although 
all the variables are a product of the relationship 
between location, area and quantity. Furthermore, all
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are dynamic in nature, varying over time as well as 
space. The analysis of how variables change is no less 
important the analysis of inter-variable relationships. 
It was recognised that the mini-world should involve a 
concept of geographical space that could encompass the 
myriad perspectives of geographical variables.
It might, it was thought, be advantageous if the various 
perspectives could each be treated according to its 
merits. Thus, for example, rocktype would be viewed as 
a number of contiguous regions, each with a different 
label ('chalk* for example, or 'clay'). The internal 
model might see such regions in terms of a number of 
vectors defining a closed curve, or as sequences of 
points. Continuous variables might be defined in terms 
of a number of differential equations describing a 
surface; the internal representation would consist only 
of these equations. Variables such as population 
density might again be described in terms of equations, 
or as numeric values assigned to arbitarily chosen 
regions (administrative boudaries for example).
It could be argued that the main advantage of this 
scheme is that it does not over-simplify the nature of 
geographical space. It need make no generalisations in 
its treatment of geographical variables; thus there is 
little danger of the model misleading its clients as to 
the nature of the real-world. However, from another 
point of view these same features provide problems for
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the model. Consideration of the needs of the external 
realm and of the relationship between the conceptual and 
external realms highlighted a number of disadvantages of 
this model.
3.3.2 Influence of the external data models 
The problem that had to be faced in considering the 
external realm was one of human efficiency. This 
required that data be presented to a user in a form 
suited both to his or her skills and to the application 
requirements. Unfortunately, it was not possible to 
isolate the problem of human efficiency from other 
problems occuring in the database design process.
Users retrieve and update stored information though 
applications programs; any retrieval requested by a user 
has to be implemented as a retrieval of physically 
stored data followed by a suitable transformation to 
rearrange the data into a form acceptable to the 
applications program (a sequence of numbers perhaps, 
organised in some logical way), followed by further 
processing within the applications program to present 
the data suitably to the user (as a map, for example). 
Any update requested has to be implemented as 
corresponding operations that update stored data. The 
transformations and rearrangements must be such as to 
ensure that consistency with the original conceptual 
data model is continued; the requirements of ensuring 
consistency limit the types of .rearrangements that can
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be allowed and implemented.
However, the conceptual data model described above 
treats each entity within the database according to its 
own merits. In this sense it is not consistent in its 
viewpoint. As a result, each applications program 
requires SEVERAL external data models; this would not 
present unmanagable problems if applications programs 
dealt only with individual variables, but if two or more 
variables were to be compared then the applications 
programs would be faced with the task of comparing 
quantities that were dissimilar in major respects. 
However, more importantly, this would also present 
problems of interpretation for the database user. This 
would result from the fact that the model described is 
not a single conceptual data model of geographical 
space, but many such models.
Each user who is operating an applications program has a 
local conceptual model, consisting of the relevant 
subset of the global conceptual data model and the 
relevant subset of the applications functions. It is 
essential that users are able to comprehend the local 
conceptual data models if they are to investigate the 
relationships between data types and relate the results 
thus achieved to the real-world. It is therefore 
necessary to develop a view of the real-world that is 
internally consistent and has a recognisable 'pattern*. 
The conceptual data model described above would not
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provide a 'mind-sized' tool for learning about 
relationships between and within variables.
In order to solve these problems, an approach to 
geographical variables had to be found that was 
consistent in all major respects. It was at this point 
that attention turned to the more technical 
considerations. It was to be hoped that these would 
indicate a feasible alternative to the multi-faceted 
approach described above.
3 .3 . 3 Influence of the internal data model 
The restraints imposed by the requirements of the 
internal data model are of particular moment in relation 
to microcomputers. Three factors contribute to the . 
problem:
(a) paucity of rapid-access memory;
(b) paucity of (backing) storage; and
(c) the requirements of single task processing leading 
to slow operation.
These factors pointed to a need to define an internal 
data model that consisted of data structures satisfying 
three conditions, namely that:
(a) the number of accesses to the storage medium
required to process each data structure is kept to a
59
minimum,
(b) the space required to store each data item is 
minimised, and
(c) the total number of data items is kept to a 
minimum.
Condition (a) is best satisfied if data items (as they 
are physically stored) are of fixed length. This 
permits rapid access even when the data items are not 
accessed in order. For example, if all data items are 
ten characters long and are stored one after another in 
a continuous block, accessing the fourth data item, or 
the tenth, or the fiftieth data item, requires a little 
calculation to ascertain its position in the block but 
only one access in order to read the selected data item.
Condition (b) demands that some compromise be made in 
terms of the precision of each data item. For example, 
if each data item is three characters in length, then 
string data (that is, literal data such as 'chalk') will 
be restricted to three characters in length ('chalk' 
would presumably become 'cha') whilst each numeric data 
item must lie between 0 and 16 777 215 (assuming each 
character holds 8 binary digits). Longer data items 
would give a greater precision, but would require more 
storage space; shorter data items would need less space 
but give less precision. The optimum data length will 
become apparent with more detailed analysis of the 
internal realm.
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Condition (c), that of minimising the number of data 
items stored, may appear at first sight to be a simple 
condition to satisfy, but in fact it had an important 
bearing on the form of the ideal internal data model and 
hence the conceptual data model. Consider, for example, 
the database mentioned in chapter 2, and earlier in this 
chapter, in which household census information is 
stored. There are many different ways in which the data 
can be physically represented, but the most efficient 
methods will be those where at least one data item in 
each record (in this case a record represents one 
household) is implied. Suppose that each household is 
allocated a unique Household Number. If the households 
are physically stored in order of their Household 
Numbers then the numbers themselves need not be stored - 
the Household Number of each record is implied by the 
position of the household record on the storage medium. 
If, on the other hand, households are stored such that 
they are sorted alphabetically on the name of the Head 
of Household, then.the Household Number must be stored 
with each record. In the latter case the number of data 
items stored has increased, although the amount of 
information held in the database is unchanged.
The criteria suggested by the needs of the internal data 
model were thus that the conceptual data model should be 
capable of representation by fixed length data items 
which may be stored such that one or more data items are
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implied. The latter condition could only be satisfied 
if all entries in the database were arranged in some 
logical order. This in turn suggested that the 
conceptual data model should, ideally, divide 
geographical space in a regular fashion; if this were 
achieved then information about location could be 
implied within the internal model.
3.4 Development of the model
There exist many conceptual data models that satisfy the 
criteria mentioned above. One such model is illustrated 
in figure 3.1, in which space is divided into a number 
of small grid squares over which geographical qualities 
vary. However, before such a conceptual data model 
could be classed as satisfactory it had to be shown 
that ;
(a) it could support many external data models,
(b) it could be supported efficiently by an internal 
data model,
(c) it could encompass the various types of 
geographical variables, and
(d) it could provide a realistic expression of the real 
world, one with which both pupils and teachers could 
associate and understand.
A discussion of possible external and internal data 
models is presented in subsequent chapters, but it is 
pertinent at this stage to consider the initial
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implications of (c) and (d) above,
3.4.1 'Fitting' geographical variables 
Clearly it was not possible to show by exhaustive 
methods that the conceptual realm could support all 
geographic variables. However, a consideration of how 
the model dealt with the variable types described above 
served to illuminate some of the implications. Figure
3.2 shows how the three variables 'rocktype*, 
'temperature', and 'population' can be mapped on to the 
proposed conceptual data model. In all three cases the 
transformation causes a degree of simplification in the 
sense that order is imposed. It is also evident from 
the figure that the concept of scale is central to the 
success of these transformations. Mote, for example, 
how the pattern of the variation in temperature is lost 
when it is mapped onto the coarse grid (figure 3.2c), 
and how the coarse grid's resolution is unable to 
illustrate minor changes in rock type (figure 3.2a).
The variable 'population' has been measured by counting 
the entities that occur within each cell. Since this is 
dependent on the size of each cell, it is not possible 
to state that the higher-resolution grid (figure 3.2f) 
provides a 'more correct' representation of the 
distribution than the coarse grid (figure 3.2e), but 
clearly the finer grid may be said to give a more 
detailed picture of the spread of population.
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Experiments like those illustrated in figure 3,2 
suggested that the proposed conceptual data model 
provided a plausable algorithm for defining the 
geographical space within the mini-world. The 
mini-world thus described consists of interlocking cells 
each containing a finite area; as the cell size 
decreases so the mini-world more accurately models the 
real-world. At the limit, when the area enveloped by 
each cell becomes infinitesimal, the conceptual data 
model will represent a continuum of points. Within the 
bounds of the maximum resolution of microcomputer visual 
display units, this limit may easily be realised.
3.4.2 The need for localised and linear features 
However, there are certain geographical features that 
the proposed conceptual data model cannot assimilate 
easily. These include linear and localised features of 
the human and physical landscape and indicators of place 
and scale such as roads, rivers, coastlines, 
administrative boundaries and place names.
It was thought important that the mini-world contained 
such features. Although the current conceptual data 
model provided for the analysis of the distribution of 
one variable in relation to others, it did not provide 
an absolute point of reference in space. Without such 
'landmarks' it would be difficult for a child to 
associate with the mini-world and, by the same token, it 
would be difficult to relate the results and conclusions
64
drawn from the investigation of the mini-world to the 
real-world. Abstract ideas enable pupils to interpret 
and structure their thinking about complex situations, 
but these ideas require them to focus in a highly 
selective way on relevant aspects of experience and to 
reason without the support of direct concrete evidence. 
As pointed out by HMI (1978), 'the difficulty for many 
pupils is not that of memorising the features of a model 
but of relating the model to the complexities of the 
real world,' Furthermore, many of these localised and 
linear features help to explain variations in some 
global variables; for example, the presence of a river 
or coastline may help to explain surrounding physical 
features or météorologie variations.
Given a sufficiently small cell size in relation to 
these features, it would be possible to incorporate them 
into the current conceptual data model. For example, a 
river either passes through a grid square or it does 
not; if it does then the grid square may be so marked. 
However, for this to work successfully, grid squares 
must cover very small areas in relation to the total 
area covered and this imposes a limitation of scale on 
the model. The model was therefore expanded such that 
it was capable of supporting a structure that provided:
(a) a link between the mini- and real-worlds,
(b) a locational frame of reference, and
(c) a format for assimilating localised and linear
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influences on the geographical landscape.
Figure 3.3 shows an addition to the conceptual data 
model that fitted these requirements. It consists of a 
'basemap* structure in the form of an overlay that may 
be superimposed onto the grid and may contain those 
static features of Geoland with which the learner can 
associate. Of course, this concept presupposes that the 
learner is able to to comprehend two-dimensional 
representations of three-dimensional space.
The basemap represents the external face of Geoland; it 
is what Geoland 'looks like'. The basemap structure 
should therefore be transparent to the process of 
investigating the relationships between distributions of 
variables within the area being studied.
Note that it is not a requirement of the conceptual data 
model as described that distance be Euclidean. 
Transformations of distance are often used by 
geographers; 'journey-time' distance is one alternative 
to 'shortest route', for example. However, in order to 
ensure that the basemap structure provides a link 
between the learner and the grid-based global variables, 
the conceptual model requires that the interpretation of 
distance be the same for both data structures.
It has been established above that an amended grid-based 
conceptual data model is feasible, theoretically, in
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terms of the educational objectives and geographical 
demands. The next stage was to further refine the model 
such that it could be supported by a microcomputer 
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Internal data models describe the logical organisation 
of data to be stored on a physical storage device.
Whilst their primary concern is the economical use of 
the computing facility, they must at all times remain 
consistent with the conceptual data model. Thus, 
ideally, an internal data model is derived directly from 
the conceptual data model and will have no implications 
for the design of the latter.
However, the limitations imposed by the microcomputer 
(in comparison to larger computers) meant that in 
designing the conceptual data model it was necessary to 
consider (in advance) some possible implications arising 
from the need to represent the conceptual data model 
within the confines of the RML 38OZ microcomputer.
Hence, in the present development, the design of the 
internal data model was of particular moment, since if 
it were found that the conceptual data model could not 
be internally represented then it would be necessary to 
reconsider the design of the mini-world.
4.1 Design criteria
The major principle behind the design of the current 
internal data model was to determine if the parts of the
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database could be glued together and stored in order 
that the number of accesses to the data storage device 
was kept to a minimum. If this could be achieved then 
the conceptual data model would be satisfactory.
However, if it were felt that the number of accesses 
required in order to process data were too high then the 
conceptual data model would need to be reconsidered, 
since user-operations would be so time-consuming as to 
make the database inoperable in a practical sense.
Essentially, the internal data model must specify which 
attributes of the conceptual data model will have their 
values stored as a unit on the storage device and how 
the relationships between these units will be 
represented. Each time a user retrieves information 
from the data storage unit by operating an applications 
program, the computer must carry out the following 
sequence of procedures:
(a) First, it must process the access request (for 
example, it may have to calculate the optimum 
position on the storage device from which to start 
its search for the required data set).
(b) It then reads a data set from the storage device 
(it may or may not be the required set, or may only 
be a subset of the required data set),
(c) Steps (a) and (b) are then repeated until the 
entire data set has been read,
(d) Finally, the computer must make any transformations
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of the data set that are required in order to meet 
the needs of the external data model (for example, 
the raw data taken from the storage device may need 
to be decoded and rearranged in some logical order).
All of these processes are time-consuming. However, in 
relative terms step (b) is a particularly lengthy 
process since it involves access to a slow peripheral 
device - in the present case, a disc drive. Hence the 
most important concern was to design the physical 
structure of the data on the storage device so as to 
keep to a minimum the number of procedures of the type
(b) above.
One way of minimising the number of accesses is to think 
in terms of LOGICAL accesses and the relationship 
between these and PHYSICAL accesses. A logical access 
occurs each time a single item of data is requested from 
the storage device. A physical access occurs when data 
is actually read from the storage device. However, a 
logical access will not be reflected in a physical 
access if, for example, the data item has already been 
read from the storage device in a previous physical 
access. Clearly this cannot always be the case since 
all data items cannot be stored simultaneously in the 
computer's limited memory. However, by careful 
consideration of the nature of the conceptual data model 
it might be possible to predict the order in which data 
items are most likely to be requested by the
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applications programs. Then, instead of retrieving a 
single data item (a 'record* occurance), a physical 
access might retrieve many data items (a 'set' 
occurance) knowing that there is an excellent chance 
that the next logical retrieval access will be for an 
item in that set.
Therefore, it was to be hoped that an internal data 
model could be designed such that there was less than 
one physical access for each logical access. One 
solution to this type of problem is to structure the 
data on the storage device such that record occurances 
that are members of a set occurance are physically 
stored together in the same block or 'page', and to 
arrange for the storage device to access data in pages 
automatically. This would mean that whilst one physical 
access would be needed to find the first item in a set, 
thereafter few or no more physical transfers would be 
needed to retrieve the other data items in the set. For
example, consider once again the household census 
database first described in chapter 2. Suppose that the 
only applications program listed all the information 
held in the database household-by-household. It would 
therefore be sensible to store all the information 
pertaining to a particular household in one continuous 
page on the storage device. When the applications 
program requests the first item within the household 
record (say, the name of the head of household) then the 
computer could read the entire record (that is, all the
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information pertaining to that household) automatically. 
Then, when the applications program makes its next 
logical data access (asking, perhaps, for the household 
address) the computer need not make a physical access.
Since physical accesses to the storage device are such 
time-consuming operations, careful planning of the 
internal data model and its global record types (logical 
pages of information) was very important. Inevitably it 
represented a compromise since it is impossible for all 
data items to be contiguously stored with all other data 
items on one-dimensional storage devices.
The decision-making with regard to the present internal 
data model was based on:
(a) the capabilities of the RML 3 8OZ microcomputer,
(b) the ideosyncracies of the ZILOG Z80 programming 
language, and
(c) the design of the conceptual data model as 
described in chapter 3.
Hence much of the work involved in designing the 
internal data model was highly technical and/or 
machine-specific. This chapter does not attempt to 
describe the technical problems and their solutions, nor 
the decisions based on the particular machine 
limitations, except where these had a direct bearing on 
the form of the database as seen by teachers and pupils
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or on its capabilities.
There were, of course, no texts covering the design of 
the internal data model described here. However, during 
the design of the internal data model over several 
months, extensive use was made of a number of essential 
reference manuals (for example, Zaks, 1979).
4.2 Global record types
Normally, the physical record types (blocks of data 
items on the storage device) will correspond closely to 
the global record types (logical data sets within the 
conceptual data model). However, it was first necessary 
to define the global record types in relation to the 
conceptual data model. At this stage the basemap 
structure could safely be ignored since it represented a 
self-contained record occurance, and attention could be 
concentrated on the three-dimensional structure within 
the conceptual data model. The basemap structure will 
be returned to below.
4.2.1 Alternative global record structures 
Since the cuboid form of the conceptual data model was 
made up of many grid cells each of which was associated 
with a number of attributes (variables), it was possible 
to distinguish two simple methods of defining the global 
record types, namely
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(a) the cuboid may be 'sliced* in vertical planes as in 
figure 4.1a, or
(b) it may be sliced in horizontal planes to give the 
structure shown in figure 4.1b.
By 'slicing* the conceptual data model in a vertical 
plane, method (a), records are defined such that each 
field (data item) within a record (a number of data 
items linked together) contains a value for one variable 
or attribute (figure 4.2). Thus each grid square is 
assigned a record which contains all the values of the 
variables for that square. Similar record structures 
have frequently been employed as part of the internal 
data models for datafiles used in linear microcomputer 
database systems such as MicroQuery (AUCBE). In the 
spatial database being considered, each such record can 
be identified either by its location within the grid or, 
with the help of a query language applications program, 
by the values that its fields contain. Whilst the 
records are logically ordered (squares (1,1), (2,1), 
(3,1) and so on), the fields within each record are not 
since geographical variables have no natural ordering 
amongst themselves. Therefore it would be necessary to 
include a set of pointers within the internal data model 
to relate field positions to the various attributes,
(In the same way, the household census database 
mentioned earlier must keep track of the order in which 
the different fields are stored. It could not access 
the household size and household address unless it knew
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that these were, say, the second and fifth fields 
respectively in each household record.)
The internal data model described in method (a) 
represented a sensible way of conceptualising Geoland, 
in which each point in Geoland was seen as having a 
number of attributes (temperature for example, or 
rocktype). However, this did not necessarily mean that 
machine efficiency was optimised and so the alternative 
internal data model was also evaluated.
The global records described above would result in a 
logical structure consisting of a two-dimensional 
ordered array (the grid squares) of one-dimensional 
unordered lists (the values of the variables). 
'Splitting* the conceptual data model in a horizontal 
plane produces a linear unordered list of ordered, 
two-dimensional arrays. This structure is illustrated 
in figure 4.3. Each record consists of a 
two-dimensional array containing all the information 
relating to one attribute of the mini-world. Thus, for 
example, one record might store all the figures for 
temperature for the entire geographical region. Since 
there is no logical order to the list of records, a set 
of pointers must be included within the internal data 
model to indicate which record corresponds to which 
variable.
From a machine-oriented viewpoint, and considered in
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isolation from the conceptual and external data models, 
both formats for the internal data model were 
acceptable. Furthermore, it was clear that both models 
were consistent with the conceptual data model, and the 
number of logical accesses required to read or write a 
particular isolated data item was the same in both cases 
since both alternatives consist of one ordered and one 
unordered matrix.
4.2.2 Machine efficiency
It was now possible to compare the two internal data 
models in terms of the number of physical accesses that 
would have to be made to the storage device when 
retrieving or storing blocks of data, that is, when 
making a large number of logical accesses. In order to 
do this it was necessary to consider the nature of the 
investigations that would be carried out in Geoland.
These investigations would, it was felt, primarily be 
concerned with how the distributions of the variables 
related to one another over space. Clearly, it would be 
non-productive for a learner to compare the values of 
all the variables for just one location in Geoland 
without reference to other locations. To show how a 
variable is distributed over space would require that 
the applications programs access some or all the values 
of selected variables. For example, to draw a map of 
temperature over the region would require the computer 
to access all the values of the variable 'temperature*.
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It therefore seemed likely (although it was not possible 
to be sure at this stage) that most sequences of logical 
accesses would be of this nature.
Suppose, then, that one variable is to be mapped over 
the entire area. If the first format for the internal 
data model were used - where the values of a variable 
are spread over all records - illustrating the 
distribution of a single variable would require logical 
accesses to ALL the records within the datafile. Since 
the majority of each record would contain redundant 
information (values of variables that are not being 
mapped) this would lead to a great many physical 
accesses. To illustrate the same distribution using the 
second format for the internal data model would require 
the same number of logical accesses but would require 
physical accesses to only one record; since this record 
would have no data redundancy (all the values accessed 
would be used in compiling the map) the number of 
physical accesses must be few,
4.2.3 Transformations of the global records 
Therefore the second internal data model was the most 
acceptable format in terms of theoretical machine 
efficiency. However, it needed to be further developed 
before it could be accepted by the machine because the 
global records contained two-dimensional structures that 
had to be stored on a one-dimensional storage device.
The necessary transformation for the global records is
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illustrated in figure 4.4. It should be noted in 
passing that the locational component of each field 
within the global records is implied by its relative 
position in the record. The two-dimensional 'basemap* 
structure needed to undergo the same transformation as 
that described for variables in figure 4.4.
4.3 A specification for the internal data model
4.3.1 Implications of the machine limitations 
The number of characters that may be stored on a single 
disc as used by the standard RML 3 8OZ computer is 
approximately 140 000. Whilst it was theoretically 
possible for a single database to extend over a number 
of discs, it would have to be broken up into natural 
units that were capable of being stored on one disc. 
However, the 38OZ microcomputer is only capable of 
controlling two discs at any one time, only one of which 
may contain data since one would contain the 
applications programs. It would be inadvisable to 
insist that the user should insert and remove datadiscs 
continually for even the simplest of searches so it was 
concluded that, ideally, one disc should be capable of 
supporting a logically complete database.
The size of the database in terms of the number of data 
characters therefore has an upper limit. The number of 
characters within the database is described 
approximately by
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n = (variable size x number of variables) + 
(basemap size x number of basemaps)
(The space taken by database structures that had no 
analogy within the conceptual data model - indexes, 
pointers and textual information, for example - was 
insignificant compared to that taken by the variables 
and basemaps.)
The size in characters of each basemap is fixed. The 
high resolution graphics screen of the RML 3 8OZ computer 
is memory-mapped on to 16K (where IK is 1024 memory 
locations) but by restricting the basemap to two colours 
and employing a suitable encoding algorithm it was 
possible to store a basemap in 8K. This represented an 
important saving bearing in mind that storage space was 
so limited.
The size of each variable is a function of the number of 
grid cells and the number of characters in each cell.
The decision regarding the size of each variable relied 
to a large extent on 'juggling* the possibilities until 
an acceptable format was arrived at. Much of the 
criteria for arriving at a balance was technical, 
involving the capabilities of the RML 3 8OZ at a 
fundamental level and the ideosyncracies of the Z80 
microprocessor machine language. However, there were 
two essential conditions:
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(a) there should be sufficient variables to allow 
complex inter-variable relationships to be analysed; 
and
(b) sufficient characters (memory bytes) should be 
allocated for each data cell to allow 
differentiation between values within a variable.
It should also be noted that there would have been no 
point in allowing the density of the grid cells that 
each variable contained to exceed the maximum resolution 
of the computer's visual display circuitry.
4.3.2 An initial solution
One possible solution is to allow for sixteen variables 
with a maximum of 4K cells per variable, each cell being 
of a fixed length and containing two characters. Each
cell could then contain either
(a) two alphanumeric characters,
(b) a number between -32656 and +32657 (stored as a
two's complement, sixteen bit, binary number and 
allowing for 'special' characters as in (c) below), 
or
(c) a 'null' character to indicate that (i) no data is 
available for that cell and the cell should 
therefore be disregarded when interrogating the 
database, or (ii) data has yet to be entered into 
the cell.
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With sixteen variables each of 8K in length and one 
basemap, this would leave approximately 20K of unused 
space on the datadisc assuming that the maximum number 
of variables were used, each of maximum size; this space 
allowed for possible development of the internal data 
model at a later stage. Of course, these figures 
represented a preliminary arrangement that could be 
amended and improved as the system was evaluated.
In this chapter the development of the internal data
model has been described briefly. It was consistent 
with the conceptual data model and was relatively
machine efficient. The next stage of the research was
to design external data models that made full use of the 
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This chapter discusses the development of the major 
external data models designed to utilise to best effect 
the structures inherent in the conceptual data model.
It was important that these were considered in detail 
since they were to form the 'interface' between the user 
and the database system and, indeed, the design of the 
external data models was the most time-consuming stage 
of the developmental phase of the research.
It is common practice in designing microcomputer 
data-filing systems to distinguish two categories of 
applications programs. Firstly, data 'management' 
programs are those which allow the user to edit a 
database on the storage device. In the present case, 
data management programs should allow teachers to create 
new databases and amend databases that have been 
established previously. Secondly, data 'interrogation' 
programs enable users to recall data and to rearrange it 
in new ways. These programs should provide the basis of 
investigations of the databases created using the data 
management programs. Some of the problems associated 
with the development of these two categories and the 
thinking behind their design are discussed below.
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5.1 Design criteria
As data is routed from the storage device via the 
applications program to the user it undergoes a number 
of transformations. The storage device holds data in 
its 'raw' form, raw in the sense that it is a form that 
is particularly suited to the kind of operations that 
computers perform. Before being routed to the 
applications program, a subset of the data undergoes a 
physical displacement from the storage device to the 
computer's memory. This subset is then transformed to a 
format that the applications program can understand. A 
major task for the applications program is then to 
rearrange the data it has received according to the 
instructions given to it by the user. Finally, the 
applications program again transforms the data so that 
it can be displayed in a format that is comprehensible 
to the user. In a sense the task of the applications 
programs is to move data from the storage device to the 
display screen, the data being transformed into 
'information' in the process. Operations that store 
data are the reverse of this process, but many of the 
implications for the applications programs are the same.
From an educational stance the most important of these 
transformations is the last one (in which the data 
becomes information displayed on the screen) since the 
design of the last stage must be concerned primarily 
with human rather than computer efficiency. This stage 
should ensure that the data is provided to the user in a
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form that not only answers the 'question' set by the 
user but is also in tune with the level of the user's 
skills of interpretation. In a sense, therefore, the 
final transformation represents the interface between 
the data as interpreted by the computer and the 
information as understood by the user, and it is on this 
interface that attention is concentrated in this 
chapter.
5.2 Data management
From the design of the conceptual data model it was 
apparent that three types of data management 
applications programs would be required. Firstly, an 
applications program would be needed to enable teachers 
and pupils to initialise a database. The most important 
aspect of this process would be to allow users to to 
specify the grid-size that would form the basis of the 
database. Secondly, facilities should be provided to 
allow users to transfer data from one database to 
another, and to copy databases for the purposes of data 
dissemination and storage backup. Thirdly, programs 
should be designed to permit users to create and edit 
the data (in the form of both 'variables' and 
' basemaps').
The last of these functions was, by its very nature, 
worthy of most attention. It was thought inevitable 
that the process of entering the data into the computer 
would be tedious for users since it would be seen by the
91
latter as a necessary manual task following on from the 
more cognitive activities of database design and data 
collection. Thus it was concluded that the data 
management facilities should be relatively easy to use, 
even for novices, whilst at the same time being 
flexible. This, it was felt, could be achieved by 
careful design of the appearance and structure of the 
data management programs.
This conclusion led to four main objectives for the 
design of the data management applications programs. 
Firstly, it was felt that the outward appearance of the 
programs should be 'user-friendly', both in the sense 
that the output should be recognisable and easily 
understood, and that the programs should respond to 
teachers and pupils in a way that the latter could 
understand regardless of their level of expertise.
Secondly, it was thought that the internal structure of 
the management facilities should be carefully 
considered. Data management applications programs may 
be viewed as part of a larger database design and 
production process in which they play two roles:
(a) database creation, and
(b) database maintainance.
In many of the linear database programs reviewed by the 
writer (and discussed in chapter 2) these two functions
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were implemented separately. Theoretically, this may 
have been a sensible course of action since, to draw an 
analogy, the tools required for building a car are not 
necessarily those with which the car should be 
maintained. However, it was desirable that teachers and 
pupils should be encouraged to both create and maintain, 
unlike most car owners. Therefore it was planned that 
both these functions should be implemented together 
within the data management applications programs. It 
was hoped that this would simplify greatly the 
procedures associated with the management of databases.
Thirdly, it seemed desirable that teachers and pupils 
should be allowed to enter data in stages over a number 
of hours, weeks, months or even years. If teachers were 
able to use partially-complete databases whilst 
continuing to build them up this might, it was hoped, 
encourage them to start the process of database 
creation. By the same token, this approach would also 
allow teachers to delegate responsibility for different 
parts of the database design process to different 
classes or groups of pupils.
Finally, the fact that data entry would be part of a 
complex database design and production process suggested 
that the data management facilities should not, where 
possible, impose a particular order of events on 
teachers and pupils. Thus users should be able to 
approach the design process according to their specific
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needs and abilities. The data entry utilities should be 
available to the user at any time during the design 
procedure. For example, a user should be able to choose 
a geographical variable, collect and collate the data 
and enter the data into the database without knowing or 
having to specify the other variables that will make up 
the finished database. It should thus be possible to 
amend, add or delete variables (and basemaps) at any 
time once the database parameters (such as the 
grid-size) have been defined.
The external data models of the data management 
applications programs were designed with these 
objectives in mind. The problems and decisions 
associated with their design are highlighted below in 
considering the two main data management tasks, editing 
variables and editing basemaps,
5.2,1 Editing variables
The 'edit variables* interface was designed to allow 
users to enter data into the 'grid squares' of the 
database. Three possible data entry algorithms were 
identified for this purpose. Firstly, the data may be 
entered by coordinates. For example, the user might 
enter
( 1, 1),8 (2 , 1),10 (9 , 2),12 (8 , 3 0 , 1 2  . . .
This was a method frequently employed in the past by
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mainframe programs such as SYMAP (see chapter 2) whereby 
fields were entered as pairs of arguments in the form
record id,value record id,value
This has the advantage that grid squares may be 'filled* 
in any order with equal ease (as the example above 
demonstrates). Furthermore, as values are entered they 
remain on the screen and can easily be checked for 
errors (that is, 'data validation'). Errors can be 
rectified simply by typing in the new value; for 
example, in the following sequence the database system 
will take the value *6* for grid square (3,9), the first 
value being ignored or overwritten:
(3,9),3 (3,10),3 (3,11),5 (3,9),6 (3,12),7 ...
The writer noted that it was possible to adapt this 
method to editing in three dimensions (the latter being 
the x-axis and y-axis of the grid, and the variables) by 
including a further argument to the input sequence thus;
(temperature,1,5),32 (altitude,1,5),120
The main disadvantage of this method is that it requires 
a great deal of typing and, as a rule of thumb, the more 
typing a user must do the more errors he is likely to 
make. Furthermore, this method was designed originally 
for use with non-interactive linear entry devices such
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as punched-card and paper-tape readers, and later for 
use with linear asyncronous ports such as teletype 
stations. It does not make full use of modern 
bit-mapped video display units which allow any part of 
the display to be changed or updated independently of 
all other parts.
The second data entry algorithm was identified by the 
writer elsewhere (Ferguson and Burcham, 1983) and 
involves the use of data 'windows', in which the user is 
invited to move a window around the data structure. At 
any one time only a small fraction of the whole data set 
is visible through the window. Window techniques were 
made possible by the introduction of dynamic video 
display units and have became widely used in many 
data-file storage and display applications (notably in 
'Spreadsheet' systems). The extension of the technique 
to two dimensions is quite natural; thus it is possible 
to display a window mapped onto one of the variables, 
through which one or more grid squares can be seen 
and/or edited.
Of course, because video screens have only two 
dimensions it is only possible to edit one variable at a 
time using this system. However, it has the major 
advantage of being simple to use once the concept of the 
algorithm has been understood by the user. The latter 
may move the window around the grid at will, looking at 
the values, checking them, updating them where necessary
96
and entering new values. The user simply moves the 
window to cover the required grid square and types a 
value; this value is inserted in the grid, overwriting 
an old value if one existed. Thus the processes of 
updating and data creation are, in theory, the same. 
Furthermore, typing is kept to a minimum since users 
only enter variable values (moving the window may be 
done by immediate-action keystrokes) and so typing 
errors are less likely to be a problem compared with the 
first algorithm.
A third algorithm was suggested by the Avon Planning 
Department and used by them in compiling reports on 
Bristol socio-economic data on a mainframe computer.
Much socio-economic data is structured in a block 
fashion, whereby values are assigned to geographical 
districts (Enumeration districts, counties, and so on). 
In Bristol, as in other cities, census data relating to 
individual households has been broken down into figures 
assigned to work-place zones and these are frequently 
used as the units of area when drawing maps relating to 
socio-economic data - variations within these units are 
not considered. This suggested a data entry algorithm 
in which the 'blocks' (that is, geographic regions) are 
first defined before each block is assigned values for 
each of the variables. For example, the work-place 
zones may be labelled 'A ' to 'Z', in which case a 
variable such as 'seekingwork' might be entered as
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A,11 B,8 C,12 D,4
Once the blocks have been defined (perhaps using an 
algorithm derived from the 'window' or 'coordinate' 
algorithms above) data entry would be very rapid since 
the data for many grid-squares would be entered with 
each input by the user. However, careful consideration 
of the nature of the mini-world as discussed in chapter 
3 highlighted a number of disadvantages of using this 
method of data entry. Firstly, it seemed probable that 
the sources of data used by teachers and pupils in 
creating databases were likely to be varied. More 
specifically, it seemed likely that many sources of data 
would be based on different geographical regions - 
regions of rocktype or climatic bands would not, for 
example, correspond to the regional definitions used to 
quantify such variables as 'unemployment'. Differing 
region definitions would make this third data entry 
algorithm difficult, though not impossible, to apply. 
Secondly, many variables would not readily lend 
themselves to regional measurement - this would apply 
particularly to 'continuous' variables such as altitude 
and temperature. Thirdly, it seemed likely that there 
would be instances where teachers and pupils would wish 
to explore within-region variations, and indeed this 
would be necessary in order to investigate the effect of 
localised features on the behaviour of geographical 
variables.
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It appeared likely, therefore, that the second 
algorithm, that of employing a window, was the most 
suitable, and a simple 'prototype' version of the 
applications program was developed to take account of 
this conclusion. The demonstration and use of the 
prototype version did not highlight any problems in 
terms of teacher's understanding of the 'window 
concept', but one major disadvantage did become 
apparent. In order to enter data, the window first had 
to be placed so as to cover the required square, a value 
then being entered into that square. Each movement of 
the window was controlled by a single keystroke ('U' to 
move the window Up, for example). Early tests by the 
writer showed that the process was straightforward where 
data were being edited (that is, values were being 
entered into specific squares whose current values were 
found to be erroneous). However, it proved a tedious 
process when entering large amounts of data since at 
least one keystroke was necessary to move the window to 
the correct square before typing-in the actual data for 
that square - a process repeated a great many times. A 
solution to this problem was to design the applications 
program so that the window moved automatically to the 
next square to the right after each data item was 
entered. When the window reached the right-hand side of 
the grid, it moved automatically to the next row up.
This method eased considerably the tedious nature of 
data entry, although it meant that data had to be 
entered in rows thus
99
(1,1) (2 ,1) (3,1) ... (1,2) (2 ,2) (3,2 ) ...
Whilst this imposed a limitation of a sort, early 
experiments both by the writer and by teachers indicated 
that the saving in time more than compensated for the 
restriction and, in any event, users who wished to enter 
data by, say, columns could still do so by using the 
window-moving keystrokes.
5.2.2 Editing basemaps
In contrast to the editing variables external data model 
described above, there were few alternative viable 
algorithms for entering information about the basemap. 
This was largely a result of the particular demands made 
by the internal data model discussed in chapter 4.
Given that the basemap was to consist of an encoded 
bit-image of the high resolution graphics screen, the 
input algorithm had to consist of a 'sketching' program 
of some description.
A prototype program was designed in which a small 
'graphics cursor' could be moved around the high 
resolution screen. Four major features, termed 'modes' 
controlled this cursor:
(a) plot mode, in which the cursor left behind it a 
trail of pixels (dots) as it was moved by the user;
(b) erase mode, in which the cursor erased any pixels
100
over which it travelled;
(c) move mode, which allowed the cursor to be moved 
without changing the basemap displayed; and
(d) alphanumeric mode, which allowed letters, numbers 
and symbols to be inserted onto the basemap.
By means of these modes, simple outline maps could be 
drawn. In order to allow the user to match the basemap 
to the database's grid pattern, an option was provided 
to draw the grid on the graphics screen. This grid was
not encoded as part of the basemap.
Early trials indicated a number of problems with the 
editing method described. Firstly, a 'clear screen' 
option, accessed by pressing 'C, was prone to 
accidental calls, resulting in lost work and lost time. 
In order to avoid such accidents, a prompt was added to 
the 'clear' feature. This asked the user to confirm
that he did indeed wish to clear the screen. Whilst it
is true that such 'Are you sure?' prompts are often an 
irritation to users, it was nevertheless felt that its 
use was justified in this case.
Secondly it became evident that one basemap was 
insufficient to store all the linear and place-name 
information required by teachers using the database 
system. For example, in designing a Bristol database, 
one teacher wished to include information on
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(a) the location of the city boundaries;
(b) the River Avon;
(c) major roads into the City;
(d) names of the more significant wards; and
(e) a title, indication of scale and North point.
When all this was drawn onto one basemap, the result was 
a very complex and cluttered map. The teacher further 
pointed out that in any one geographical investigation, 
only some of the information listed above would be 
relevant; for example, the road network might be 
relevant to a study of the distribution of population, 
but not to an investigation of the distribution of 
recipients of free school meals in which the presence of 
the road network would serve only to confuse the issue. 
For these reasons a further two basemaps were added to 
the internal data model (space had been left 
deliberately for such a development, see chapter 4), and 
the current external data model was amended accordingly. 
It was noted that there might be cases where some of 
the information held on the basemaps should be shared by 
all three basemaps - legends and titles for example - 
and features were added to the applications program that 
permitted this.
In designing the prototype utility, an allowance was 
made for the use of special hardware to facilitate 
sketching. Such hardware included bit-mapped 
graph-pads, light-pens and 'mice*. However, it soon
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became apparent that these options were never used.
This was due in large part to the fact that few schools 
had access to such peripherals. However, it also 
emerged that the best results could be achieved by using 
the simple keyboard-controlled sketching program - 
although sketching peripherals were faster to use, they 
proved difficult to control accurately, resulting in 
basemaps of poor quality. For this reason, later 
versions of the 'editing basemaps' applications program 
did not include these features.
It was noted, in conversation and in observing teachers 
use the utility, that the conceptual and practical 
simplicity of the sketching algorithm appealed to users. 
If sufficient time and care was taken in designing 
basemaps then it was possible to produce some of high 
quality; see, for example, the maps produced in the 
'Using databases' book, included as an adjunct to this 
thesis.
5,3 Data interrogation
It was recognised that no matter how well considered 
were the research aims and objectives, the design of the 
mini-world and the implementation of the data management 
facilities, teachers and pupils would not employ the 
present system unless attracted by its data 
interrogation facilities. It would, after all, be the 
methods available for investigating the data that would 
provide the motivation for database creation - the
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creation of databases would not be an end in itself.
It was therefore important that the types of 
investigations allowed received due consideration. The 
overriding factor in choosing the types of data 
retrieval that would be developed was that these had to 
be compatible with the conceptual data model. Thus the 
displays produced as a result of such retrievals had to 
be derivable from grid-based data. However, this left a 
great many possibilities for retrieval and display 
facilities and therefore it was necessary to devise a 
subset of the possible facilities.
In choosing the subset of possible facilities, two 
general aims were borne in mind, both derived from the 
project's aims outlined in chapters 1 and 2. Firstly, 
the set of retrieval applications programs should 
include programs that would allow current data-enquiry 
methods to be pursued more effectively. Secondly, the 
set should include applications that provide new or 
little used methods that, nevertheless, may be justified 
in educational terms. On this basis, three specific 
criteria were devised to guide the writer in selecting 
interrogation functions, namely that the function must 
either be
(a) often used or recommended in geographical 
investigations, or
(b) sometimes recommended but not always possible using
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standard resources, or
(c) little used, if ever, but educationally desirable 
and made possible only by the unique nature of the 
microcomputer.
It should also be noted that the time factor was seen as 
being important at this stage - the number of 
interrogation functions that could be implementated in 
the time available was limited. For this reason it was 
decided to restrict the functions to one- and 
two-dimensional representations of the data, since it 
was felt that these would probably be the most heavily 
used. However, one of the purposes of the database 
management system design model used in the research was 
that realm independence was encouraged (see chapter 2, 
section 2.3). Thus the way in which the design of the 
database system was approached meant that the external 
data models could be developed independently from the 
data storage structure as described by the internal data 
model. Hence each external data model could be 
developed in isolation from other external data models 
and, by the same token, further external data models 
(such as three-dimensional data representations) could 
be added at a later stage if a need was perceived.
From the criteria (a) and (b) above were derived a 
number of one- and two-dimensional external data models, 
and the selection and development of these is discussed 
below. In addition, the unique power of the
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microcomputer, criteria (c), led to a number of 'data 
subset' functions that complemented the standard data 
representations developed, and these are also discussed.
Having chosen the types of investigations that should be 
provided the major problems then to be faced were how 
these should be presented to teachers and pupils and 
what degree of control should users be given over the 
interrogation facilities. Much of the discussion below 
is concerned with the solution to these problems.
In presenting the output of the applications programs 
care was taken to ensure that, where possible, the 
computer displays mimicked maps and diagrams that might 
be seen in everyday classroom geography. It was hoped 
that familiarity with the displays would aid 
interpretation, whereas the dynamicism of the system's 
use of such displays would encourage teachers and pupils 
to make use of the system.
When deciding on the degree of control over applications 
programs that should be given to users it was important 
to try to achieve flexibility whilst avoiding 
over-elaboration, for reasons that have been outlined by 
the writer elsewhere (Ferguson and Hones, I9 8 3 ):
"Teachers, particularly those unfamiliar with 
the technology, cannot be expected to spend many 
hours unravelling intricate programs - the area
106
between programs that are usable and those that 
are over-sophisticated is a grey one ..."
Therefore it was thought wise to be cautious when 
introducing features to applications programs.
5 .3 .1  Retrieval in two dimensions
In discussing the design of the conceptual data model in 
chapter 3 it was proposed that the mini-world should 
allow teachers and pupils to investigate the 
distribution of geographical variables. The writer felt 
that an ability to map variables would allow such 
investigations and should be central to the 
interrogation facilities provided by the present system. 
After all; maps are widely used as sources of 
geographical data, and are central to geographical 
study, a view supported by HMI (1978):
"The use of maps is so fundamental to geography 
teaching that any discussion of work in the 
classroom would be incomplete without reference 
to this basic need,,.."
However, for reasons outlined in chapter 2, maps are 
rarely used as tools in dynamic investigations into 
geographical phenomena in schools,
A second factor also contributed to the importance 
attached by the writer to mapping functions. Many
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database systems provide a method whereby an abstract of 
the dataset can be obtained (MicroQuery, for example, 
provides various commands - such as 'explain* and 
'structure' - that provide general information about the 
structure and contents of the current datafile). Such 
abstracts, providing quick access to a display that 
gives a summary of the data in a form with which the 
user is familiar, provide the user with a 'mental map' 
of the database that allows him or her to investigate 
the data in more depth. It was felt that the mapping 
functions would provide a representation of the data 
that would be the nearest that users would come to 
'seeing' what the database looked like. In a sense the 
mapping utilities of the spatial database system could 
provide a similar service to the standard 'abstract* 
functions of linear database systems and should 
therefore be designed to give a quick visual insight 
into the data. By studying maps produced by the system 
the user should be able to gain general information 
about the major features of the area (from the basemap) 
or about the general distribution of variables within 
the region covered by the database. It seemed likely 
that many hypotheses would be generated by studying such 
maps rather than, for example, by looking at statistical 
analyses of the same data or by studying the data 
themselves.
In analysing the distribution of population on a beach 
by dividing the beach into grid cells, Haggett (1972)
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noted that:
"Two kinds of maps can be drawn from these cell 
values. We can make choropleth maps by assigning 
different shades of colour to each of the cells. 
By linking cells with similar colours, we can 
create a general picture of the distribution of 
population on the beach ... The second and more 
common way of mapping ... using a grid is to draw 
lines between all points having the same quality 
or value ... maps of this type are known as 
isopleth maps."
The grid structure of the spatial database was analogous 
to Haggett*s cells and it was decided that external data 
models should be designed to implement the two 
alternative map types.
5.3.1-1 Choropleth mapping
There was perforce a major difference between the 
choropleth maps described above by Haggett and the maps 
that could be displayed on the RML 380Z computer because 
the latter could access a maximum of only four colours 
in its high resolution mode. Since one of these had to 
be the background colour and one the foreground colour 
(that is, the colour of the basemap) only two were 
available to show the variation between classes in a 
choropleth map. However, it was felt that choropleth 
maps of only two classes would be inadequate for most
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purposes, and in any case many schools did not have the 
use of colour monitors. Therefore, it was imperative 
that an alternative to using colours to show variation 
(as suggested by Haggett) should be found. It was 
decided to devise a shading algorithm that was suitable 
for both monochrome and colour screens, and did not rely 
on the use of 'colours* or 'intensities'.
A number of shading algorithms were tested. Of these 
the best seemed to involve patterns of hatching and 
cross-hatching to distinguish the choropleths. By using 
intervals of 0, 1, 2, 4 and 8 in combinations of one-way 
hatching and cross hatching these were devised to show 
maximum constrast. This provided a sequence of nine 
shading patterns. It was felt that, ideally, more 
should be made available to the user, but a compromise 
had to be made between the needs of the user and the 
limitations of the computer. Intervals of powers of 2 
were necessary in order that coding of the algorithm was 
short (that is, it took little space with the computer's 
memory and little time in order to execute) hence the 
sequence 0, 1, 2, 4 and 8. However, it soon became 
apparent that with an interval of 16 (the next in the 
sequence) or greater the lines of hatching were so far 
apart that they rarely appeared at all on maps. For 
this reason it was decided to restrict users to 8 
classes, the ninth class (a 'blank' shading pattern) 
being used by the computer to shade areas of the region 
for which no data was available. A prototype version of
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the applications program was developed on this basis.
However, early experiments with the prototype version 
highlighted a number of problems. Initially, the user 
was given control only over the variable that was to be 
mapped and the number of classes into which it was to be 
divided. The number of classes could be varied between 
2 and 8 (a function of the number of shading patterns 
available) and class limits were calculated such that 
class intervals were the same (in the case of 'string* 
variables (see chapter 4) classes are predefined by the 
contents of the string variable). Shading patterns were 
allocated such that classes with the lowest limits were 
represented by coarse hatching whilst finer ('heavier*) 
grades of shading represented higher value classes - it 
was felt that this was a sensible means of allocating 
shading patterns since, for example, it would result in 
high land being heavily shaded and low land being 
lightly shaded. However, this degree of control proved 
inadequate in certain circumstances:
(a) There were many variables whose distributions were 
best displayed by equating low values with the finer 
shading patterns. For example, grades of 
agricultural land are often classified between 1 and 
5, where grade 1 is the most fertile and might 
therefore be expected to be represented by the most 
striking shading pattern. It was therefore decided 
that teachers and pupils should be able to control
111
which shading patterns were allocated to which class 
intervals.
(b) Some variables contained a few very high or very 
low values. When this was the case, the algorithm 
described above for choosing class limits resulted 
in one or more of the classes being empty - 
frequently all but two of the classes would be empty 
in such a case. Thus maps of such variables did not 
provide much information to the user about the 
distribution of the variable other than the areas of 
high or low values. In order to overcome this 
problem a further method of control was developed, 
allowing users to control the way in which class
intervals were chosen. More specifically, a feature
was added to the applications program which 
permitted users to specify that class intervals 
should be chosen such that the size of each class 
was equal, that is each class contained the same 
number of grid squares. Although it was not
envisaged that this feature would often be used, it
was nevertheless felt that it would be a essential 
feature when mapping some variables.
(c) The number and size of classes used when mapping 
string variables depended upon the values stored 
within the database. The prototype version 
allocated shading patterns to values in the order in 
which they appeared in the database. However, it
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became evident that teachers found this 
confusing in the sense that most were unable to 
discover how the patterns were allocated and 
therefore assumed that they were allocated 'at 
random'. A further problem arose where string 
variables contained more than eight values, because 
only the first eight values could be allocated 
unique shading patterns. Other values were assumed 
(by the system) to fall into the eighth category, 
but since the categories were (apparently) unordered 
it was impossible to be sure of the identity of this 
category. In order to overcome these problems the 
external data model was amended so that values were 
first sorted into alphabetical order before classes 
were defined. This had the added advantage that 
users could then make better use of the system's 
ability to store string data. For example, one 
teacher used the fact that the order in which string 
values were allocated shading patterns could be 
predicted to devise a 'bottom', 'medium' and 'top' 
classification for variables on an India database 
(appendix B.12). Although the variables were 
'numeric' in nature (temperature, rainfall, altitude 
and population) the data source from which they were 
derived did not allow for a detailed numeric 
analysis. Thus the teacher grouped them into the 
three string classes mentioned above. Since these 
were sorted before mapping, the classification 
'bottom' was represented by coarse shading, 'medium'
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by a finer shading whilst values lying in the class 
'top' had the finest grade.
The three problems highlighted above resulted in 
additions being made to the features of the choropleth 
mapping applications program that could be controlled by 
the user. The writer recognised that a balance had to 
be reached between allowing the user flexibility whilst 
not making the system unnecessarily complex, but in all 
the cases mentioned above it was felt that the added 
complexity was justified. Other additions were 
considered (such as providing the user with the facility 
to give titles to maps) but were not implemented if it 
was felt that the compensations for the added complexity 
were not sufficient to justify changes to the 
applications program.
5.3.1.2 Isopleth mapping
It was recognised that one disadvantage of using the 
choropleth mapping applications program just described 
would be that the user could not use it easily to 
investigate patterns of covariation. This is also true 
of most choropleth maps (not just those drawn by 
computers) because the inevitable conclusion of 
superimposing two choropleth maps is a confusion of 
shading patterns and/or colours. It was thus hoped that 
the implementation of a second mapping technique, namely 
isopleth maps, would help to overcome such problems, 
indeed the technique of superimposing isopleths on
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choropleth maps is common (Geological Survey maps, for 
example).
The main problem in designing an isopleth applications 
program was in choosing and refining an algorithm. The 
established algorithm, both for computers and for 
humans, is the 'search and follow' method. As the name 
indicates, this involves two stages:
(a) Find an isopleth. This is a fairly straightforward 
task, since it is not necessary to find the 
'beginning' of an isopleth, any point on its length 
will do. Thus any data point (or cell) whose value 
is a multiple of the contour interval may be 
selected. If such a point is not available, then a 
suitable point may be found by interpolating between 
any data points whose values span the isopleth 
interval.
(b) Follow the isopleth. This stage is analogous to 
following the path of a small stream at night using 
the following algorithm:
(i) stand in the stream.
(ii) turn clockwise until you can see the 
stream.
(iii) have you already been where you are now 
looking?
(iv) if the answer is YES, go to step (ii).
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(v) take one step forward.
(vi) have you reached the end of the stream?
(vii) if the answer if NO, go to step (ii)
(vii) end
It must be pointed out that the 'follow* stage is much 
easier for a human than it is for a computer. The 
former is less susceptable to variations in the shape of 
the bank or its distance from the follower. In 
computers, this technique frequently leads to 
intersecting isopleths (a theoretical impossibility) and 
gradients that are not smoothly represented. Worse 
still, it suffers from the 'saddle-point' problem. This 
occurs, for example, when the 'follower' reaches a 
'hill' in his path. Which way round the hill does the
isopleth run? In the stream algorithm above, this is
analogous to arriving at a convergence or divergence of 
tributaries. These problems are highlighted in figure 
5.1, showing a section from an isopleth map produced by 
the Meteorological Office using the 'search and follow' 
algorithm. Nevertheless, the conceptual simplicity of 
the algorithm recommends itself for the application in 
mind: pupils would be able to watch the path of the 
isopleth 'follower' and this might aid understanding of 
what the isopleth map represents.
Accuracy in mapping is important (and certainly few 
geography teachers would advocate using maps in which 
contours crossed!) so it was therefore necessary to
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consider a second algorithm, developed more recently at 
the Meteorological Office (Cockrell, 1983). This 
algorithm may be summarised as:
(a) Values in data cells are divided by the isopleth 
interval and then truncated to integers.
(b) First differences of the results of stage (a) are 
taken between all contiguous cells.
(c) The non-zero results of (b) mark the isopleth 
intersections with the grid cell bisectors. These 
'markers' may then be used to gather the original 
data for inverse linear interpolation which in turn 
yields the isopleth values and their precise 
location at intervals equivalent to the cell size.
(d) The sign of a value at stage (b) indicates which of 
the two possible values at (c) can be taken as the 
isopleth label, and its absolute value indicates the 
number of isopleths in the corresponding interval.
(e) Each group of four cells is then traversed in a 
clockwise direction and intersections having similar 
labels are paired.
(f) Bicubic Langrangian interpolation from the orginal 
cell values yields the isopleths.
(g) Finally, isopleths may be row-labelled, 
turning-point labelled or edge-labelled using values 
derived in stage (c).
This algorithm is not as 'intuitive' as the search and 
follow algorithm and may therefore pose problems of
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interpretation by pupils. However, it does have major 
advantages over the first mentioned algorithm. Firstly, 
surface gradients are always represented smoothly. 
Secondly, isopleths do not (in fact, cannot) intersect. 
Thirdly, the 'saddle-point* problem does not arise 
provided that the traverse in stage (e) strictly 
observes its (arbitary) rules for ordering pairs (it 
could equally well traverse anti-clockwise). Most 
important of all it has been shown (Cockrell, 1983) that 
the isopleth pattern can be arbitarily complicated 
without any special cases arising. It was not certain, 
however, that this algorithm could be coded in full 
within the confines of a microcomputer.
Writing applications programs for either algorithm would 
take a great deal of time, and therefore it was not 
feasible to test the comparative suitability of the 
algorithms by means of prototype programs. This was a 
fairly common problem in designing and coding the 
retrieval applications programs, and demanded that a 
choice be made on grounds that were often more technical 
than educational. In this case the second algorithm was 
chosen on the basis of its reliability and its 
suitability for computer coding. However, because of 
limitations of space it proved necessary to adapt stage
(f) to a linear interpolation (resulting in isopleths 
made up of short vectors) and to omit stage (g) 
altogether.
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By combining the choropleth and isopleth mapping 
utilities it was hoped that investigations of 
covariation would be made possible providing, of course, 
that at least one of the variables contained numeric 
values (naturally it is not possible to draw meaningful 
isopleth maps of variables that measure qualities rather 
than quantities).
5.3.2 Retrieval in one dimension
The external data models of the retrieval applications 
programs described above used the locational references 
that were implicitly assigned to each data item.
However, it was thought that there would be cases when 
it would be advantagous to consider the data without 
their spatial handles. The external data models 
described in this section consider the data in linear 
terms, that is, they see each data item as a single 
isolated statistic. It was the writer's opinion that a 
statistical approach should take second place to 
two-dimensional investigations, since the data being 
investigated would be essentially spatial.
Nevertheless, it was felt that statistical techniques 
could provide a useful adjunct to the mapping techniques 
discussed above as well as to the more sophisticated 
'subset' techniques to be described below. Hence three 
statistical applications programs were designed and 
implemented, with the following objectives:
(a) To allow the data to be summarised. This is a
119
technique often used by those geographers that deal 
with large volumes of data (see chapter 2). Data 
may be summarised either by reducing large numbers 
of observations to a single statistic (for example, 
mean scores and measures of dispersion) or several 
such statistics, or by classifying the data for 
further analysis.
(b) To display patterns of variation and covariation 
that may not be apparent in two-dimensional 
representations of the same data. For example, it 
may be difficult to analyse the distribution of 
landuse over an area in terms of the comparative 
magnitudes of each land classification; such 
information might be better obtained from statistics 
relating to each classification or from bar charts.
(c) To allow the testing of hypotheses derived from 
two-dimensional representations of the data. 
Hypothesis testing need not be formal but may form 
part of the general investigative process. 
Nevertheless, users should be given the facilities 
to undertake formal hypothesis testing where this is 
appropriate to their ability and syllabus.
The choice of algorithms for the statistical 
applications programs was straightforward - such 
algorithms were well documented - and, since many of the 
decisions associated with the design of these
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applications programs involved only technical 
considerations, their design and implementation are not 
discussed in detail here. However, for completeness, 
the functions of the three statistical applications 
programs are briefly described below.
5.3.2.1 Descriptive statistics
In the case of numeric variables a 'statistics' utility 
was designed to provide the following information:
range, mean, standard deviation, median, mode
String data is not susceptable to such interpretation, 
but the utility was also designed to provide a list of 
the values contained in string variables and the modal 
value.
5.3.2.2 Histograms
A 'histogram' utility was designed to allow teachers and 
pupils to determine the distribution (in linear rather 
than spatial terms) of values within selected variables. 
Furthermore, it was thought that instances might arise 
when it would be useful to compare two such 
distributions, and therefore an added feature was 
incorporated into the applications program to allow such 
charts to be superimposed or compared,
5.3.2.3 Correlation coefficients
This external data model was designed for two purposes.
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Firstly, a scatter diagram may yield information about 
the relationship between two variables, or may serve to 
highlight special or unique occurances. Secondly, 
correlation coefficients may be useful in testing the 
strength of the relationships between groups of numeric 
variables.
5.3.3 Subset operations
None of the retrieval models described above are 
selective in the information they provide to the user.
In each case the user is given information relating to 
the entire database region; it is then the perogative of 
the user:
(a) to construct generalisations or erect hypotheses 
regarding the nature of the data and the pattern of 
their distribution; and
(b) to derive specific information or examples from the 
mass of data to highlight or support such 
conclusions.
However, it has already been noted (in chapters 2 and 3) 
that the computer may aid the process of (b) above.
That is, given appropriate instructions the computer 
should be able to make selective searches through the 
data, creating data subsets that can then be compared 
one to another and with the total data set.
Two possible ways in which subsets may be derived from a
122
spatial data set were identified. Firstly, data items 
may be selected on the criteria of their locational 
references. Thus it should be possible to select 
sub-regions of the area covered by the database. Two 
ways of achieving this were identified, namely by 
defining 'windows* that consist of groups of contiguous 
grid-squares, or by defining cross sections consisting 
of lines of grid-squares that cut across the database 
area. Secondly, data items may be selected according to 
their values. In this case, each data item in turn is 
tested against a set of rules (called 'relations') 
imposed by the user, data items passing the tests being 
included in the subset whilst those that fail are not. 
This latter approach is analogous to linear query 
language applications programs such as that employed by 
MicroQuery (AUCBE), except that in this case the results 
of selective data searches may be displayed in map form 
as well as being available for statistical 
investigation.
5.3.3.1 Windowing
It was envisaged that three types of windowing operation 
might be desired by users. It was thought that the most 
popular type of window would be circular. This could be 
used, for example, to study properties of hinterlands or 
for investigations into models such as von Thunen's 
landuse rings. However, users might also wish to 
consider transects across a region, and for this they 
would need to be able to define rectangular windows.
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Rectangular windows would also allow users to split 
databases into parts, each one of which may constitute a 
database in itself. For example, a database might 
consist of data on two farms, juxtaposed for the purpose 
of entry into a database. A rectangular window could 
then be used if the user required to investigate either 
of the farms in isolation. An applications program was 
designed to allow both circular and rectangular windows, 
and was implemented in a prototype version,
5.3.3.2 Cross sections
In drawing a map the user gains an image of the entire 
region covered by the database. Cross sections, on the 
other hand, show a 'slice* through the region. In 
discussions with teachers it emerged that sections were 
rarely used in the classroom for investigating 
covariation, except where they were provided by 
textbooks and other resources. The reason for this is 
self-evident. Sections are time-consuming to draw and 
some of the information they provide can be gleaned from 
studying conventional maps. However, the grid-based 
structure described in the conceptual data model 
provides well-ordered data which may be used by a 
computer to draw sections with ease, and the writer took 
the view that teachers and pupils would employ 
sectioning techniques if the time problem did not arise.
A prototype program was devised on the following model:
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(a) The user is invited to move two 'endpoints', A and 
B, one to each end of the required line of section.
(b) Cross sections of selected variables may then be 
drawn. Covariation may be shown either by:
(i) superimposing successive cross sections.
(ii) scaling cross sections so that several 
separate sections may be displayed 
simultaneously.
Just as with the choropleth mapping applications 
program, the prototype also allowed the user to change 
several system variables. For example, the user could 
specify the shading patterns used, the amplitude and 
labelling of sections, and so on.
5.3.3.3 Relational operations
The ability of computers to search through large data 
sets, checking each data item against a set of 
user-defined rules, is one that can be duplicated only 
with great difficulty by traditional resources. In 
geography classrooms, for example, maps are sometimes 
drawn which have a special subset of the mapped region 
shaded - say, the coalfield areas of Britain shaded on a 
map showing the coastline. However, the speed with 
which computers can search through databases and display 
the results of the search adds a new dimension to this 
technique. It becomes possible to use the technique as 
a tool for investigations of geographical behaviour; 
users can make many searches of the data as they look
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for patterns of covariation. Using computers, the 
relations which define the rules of the search can 
become more sophisticated, perhaps involving many 
variables each being matched to a range of values. 
Furthermore, once a computer search has been completed, 
the results may then be displayed in a number of ways - 
perhaps by shading areas on a map, or by deriving 
statistics from the matched subset.
The concept of a data subset is one that is met 
continually in talking about geography - for example, 
terms such as 'high land' and 'expensive properties' 
imply that the speaker is referring to a subset of land 
or properties respectively. However, communicating such 
concepts to a computer is problematical, not only 
because the user must quantify the subset by specifying 
a threshold value (land over 300m or properties costing 
more that £30 000) but also because the relationships 
between components of the subset definition must be 
exactly specified. Thus a user must specify whether he 
or she is interested in land below 300m or above 300m, 
whether land of 300m is inclusive of the subset or 
exclusive, whether all land should be considered or only 
that covered by, say, agriculture, and so on. Thus the 
main element in the design of the applications program 
for relational operations was the composition of the 
query language.
In designing the query language for the present database
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system it had to be borne in mind that the language was 
to be used by teachers and pupils who would not, in all 
probability, be familiar with the intricacies of query 
languages. On the other hand it was desirable that the 
query language be able to cope with many types of 
enquiry, few of which could be predicted by the writer. 
Once again, therefore, the writer was faced with having 
to make a compromise between complexity (a corollary of 
flexibility) and simplicity. However, from the general 
aims of the database system it was possible to derive a 
number of query language design objectives:
(a) Since many users would not be familiar with 
computer jargon it seemed desirable that the 
language should use English-like words wherever 
possible. This should help to overcome fears of 
learning a 'computer language'. Similarly, the 
meaning of sentences of the language should be clear 
so that users would not feel that they had to learn 
a new language from first principles.
(b) In order to reduce the possibility of frustrating 
typographical errors, the language should be 
designed so that a minimum number of keystrokes are 
required in order to to communicate user 
requirements to the computer.
(c) Error messages should be provided not to chide the 
user, but as an aid to learning the language.
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Messages such as ’ERROR NUMBER 57* should be avoided 
at all costs.
(d) Because teachers and pupils would be more 
ideosyncratic in their approach to learning the 
language than might, say, a group of computer 
experts, the language should accept multifarious 
forms of the same basic enquiry. Thus users should 
be allowed to enter sentences that they themselves 
find readable, or that best define the enquiry (from 
a geographical rather than a computing viewpoint), 
and these should be accepted by the computer.
(e) The language should be capable of interpreting many 
types of enquiry, from single-component conditions 
(land over 300m, for example) to nested hierarchies 
of conditions (land over 300m or land below 300m not 
afforested, for example).
Many of these objectives overlap in conflicting areas, 
the problem being to arrive at a suitable compromise.
The remainder of this section discusses the development 
of a microcomputer query language for use with the 
current database system.
(In describing language syntax the following discussion 
makes use of a variation of the Backus-Naur convention 
for defining language syntax and sentence construction, 
where
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<> enclose generic labels for words of
the language 
{} denote possible repetition of the
enclosed symbols zero or more times 
I divides alternatives from which one
should be chosen 
<var> should be replaced by a variable name
<rop> should be replaced by a relational
operator
<lop> should be replaced by a logical
operator
<con> should be replaced by a numeric or
string constant 
<cond> should be replaced by a search or
subset condition 
TRUE and FALSE are used to indicate that a test 
has succeeded or failed repectively.
Other symbols are introduced as the argument develops.)
Fortunately there were many models on which to base the 
language syntax (some examples are described in chapter 
2), although few have recently been adapted for use with 
microcomputers. The basic sentence for many query 
language applications programs is:
<cond> := <var> <rop> <con>
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(This may be interpreted as * a condition consists of a 
sentence containing a variable name, a space, a 
relational operator, a space, a constant.’ This 
statement may be thought of as a pattern for other 
sentences. For example, the sentence pattern above has 
many instances, one of which is
’’population is equal to 10000”
where ’population’ is a variable name, ’is equal to’ is 
a relational operator, and ’10000’ is a constant.)
This type of sentence is popular in many query languages 
(it is used used by MicroQuery (AUCBE) for example) and 
is susceptable to efficient computer coding, an 
important factor when using microcomputers.
Furthermore, it encourages users to compose sentences 
that resemble sentences of the English language, one of 
the objectives listed above. For these reasons it was 
felt sensible to adopt this structure as a basis for the 
present query language.
An extension to this basic sentence pattern that is 
frequently employed involves multiple conditions of the 
same form, linked by logical operators:
<cond> := <var> <rop> <con> { <lop> <var> <rop> 
<con> }
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(This is more conveniently expressed recursively:
<cond> := <var> <rop> <con> { <lop> <cond> }
and recursive definitions will be employed in the
following discussion.)
An instance of this pattern is
population is equal to 10000 AND seekingwork is 
less than 1000
The ’AND* above is an example of a logical operator, of
which there are four main types commonly employed:
(a) AND. (The conjunction operator.) Where AND 
connects two simple conditions, both conditions must 
be TRUE if the test is to succeed. If either 
condition is not true (FALSE) then the test fails.
(b) Inclusive OR. (The disjunction operator.) Where OR 
connects two simple conditions, one or other or both 
of the conditions must be TRUE for the test to 
succeed. The test fails only if both simple 
conditions are FALSE.
(c) Exclusive OR. Where exclusive OR connects two 
simple conditions, one or other of them must be TRUE 
but not both for the test to succeed. The test
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fails if both conditions have the same truth value 
(that is, they are both FALSE or both TRUE),
(d) NOT. (The negation operator.) If a simple or
compound condition is preceded by NOT then the truth
value of the condition is reversed. Thus for the 
test to succeed the condition must be FALSE, and to 
fail it must be TRUE.
Frequently, all four operators are available in query 
languages. However, it was thought that the exclusive 
OR operation (c) would rarely be applicable to the type
of enquiries envisaged here since teachers and pupils
would, in the main, be more interested in conditions of 
the type
P OR Q OR (P AND Q)
that is, the inclusive OR operation. For example, in 
investigating areas that are relatively unsuitable for 
habitation in the Indian sub-continent, a teacher or 
pupil might ask the computer to pick out areas where the 
rainfall is very high or where the relief is 
mountainous. This would be an inclusive operation 
(since areas that were both mountainous and had very 
high rainfall would also be unsuitable for habitation). 
Furthermore, the exclusive OR is a derived operation, an 
abbreviation for the fundamental condition
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P OR 0 AMD MOT (P AMD 0)
but, since only teachers of mathematics would be 
expected to know this, its use as an abbreviation Is 
wasted. It was therefore decided to omit the exclusive 
OR operation from the logical operators of the language; 
users who required this operation would, in any case, be 
able to compose sentences using its fundamental form 
given above.
It was also decided to omit the negation operator (d), 
MOT, from the language’s logical operators, but for a 
different reason. Consider the following sentences.
1... ”Mot £1 is equal to 80p."
11.. ”£1 is not equal to 80p.”
In the first case MOT has been used to negate the
sentence
”£1 is equal to 80p.”
and this is the usual way in which the negation operator 
is employed. In sentence II the negation operator has 
been used to negate the relational operator
"equal to"
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but the result is the same since both sentences are 
TRUE. In fact the negation operator may be moved to any 
position in any declarative sentence without changing 
the sentence’s truth value, but it was felt that 
sentences of this type were most readable when the 
negation operator directly preceded the relational 
operator as in II above. Therefore it seemed sensible 
to omit MOT from the logical operators and instead 
include it with the relational operators. Thus the 
logical operators chosen for the language were:
<lop> := AND I OR
It was recognised that compound conditions might become 
lengthy if the logical operators were used to link three 
or more simple conditions. This, it was felt, would 
lead to frustration if a typographical error was made 
near the start of a long sentence; and would, in any 
event, produce imposing - perhaps, to a novice, 
’frightening’ - query language sentences. Therefore it 
was decided to allow users to enter compound conditions 
in stages. This could be done by expanding the 
language’s pattern for sentences to include a preceding 
logical operator. Thus if such an operator precedes a 
condition or compound condition the language should 
assume that the condition that follows is an added 
component of the current subset definition. Since 
syntactic errors could be checked as each sentence is 
typed, this would save the user from the frustration of
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entering a long subset definition only to find that 
there was a typing error in the first word. The pattern 
for sentences in the language thus became:
<cond> := [ <lop> ] <var> <rop> <con> { <lop> 
<cond> }
The standard relational operators used with many query 
language applications programs were:
For numeric constants 
EG is equal to
LT is less than
GT is greater than
For string constants
IDENT is identical to
SUB is a sub-string of
PRE precedes
sue succeeds
However, for a number of reasons it was thought sensible
to adapt these relational operators for the present
database system. Firstly, the string constants of the 
spatial database were only two characters in length (see 
chapter 4) and thus the string operators SUB, PRE and 
sue would serve little or no purpose and could safely be 
omitted from the set of relational operators.
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Secondly, from the user’s point of view the operator 
IDENT tests the same relation as the EQ operator, and so 
the relation expressed by IDENT may be assigned to the 
EO operator (this passes to the computer the minor 
burden of checking whether the following word in the 
sentence is a string or numeric constant, but better the 
computer do this than the user). This idea was 
subsequently taken up by some microcomputer data filing 
systems, including later versions of MicroQuery.
Thirdly, because the NOT operator was not included in 
the set of logical operators, it had to be included with 
the relational operators. A simple way of achieving 
this was to provide the prefix ’N ’, thus the opposite of 
EQ becomes MEO (this should be read "is not equal to") 
and the opposite of LT becomes NLT and so on.
Fourthly, trials using an early prototype version of the 
applications program demonstrated that bracket testing 
was a condition commonly used, as in;
population GT 4000 AND population LT 11000
This tests the variable population for a value between 
4000 and 11000 inclusive. It therefore seemed sensible 
to devise a new operator BETWEEN as a shorthand method 
of defining bracket tests. Thus BETWEEN could be used 
to shorten the compound condition above to
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population BETWEEN 4000,11000
Note that this operator was unique in that it had to be 
followed by at least two words (the other operators 
needed only one). The language was further refined so 
that the negation operator ’N ’ could be used to precede 
BETWEEN just as it could the other relational operators. 
In later versions of the language the BETWEEN operator 
could optionally be abbreviated to *B.’ in order to 
minimise the amount of typing required of the user.
Finally, it was thought that in order to achieve the 
flexibility stated in the objectives of the language 
above it would be sensible for the language to allow 
variations in the form of the relational operators.
There were two reasons for this. Firstly, it is 
sometimes more appropriate to specify a relationship in 
its negative sense. For example, there are times when 
the sentence
P is greater than or equal to ...
is used, rather than its equivalent and simpler form
P is not less than ...
The choice of sentence will depend both on the context 
and on the user. Thus it was decided to design the 
language so that equivalents of relational operators
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were allowed, such as:
root equivalent




Secondly, it was thought that some users would be 
familiar with the mathematical notation for ’equal to’ 
(" = "), ’greater than’ ’less than’ (’’<’’), ’not
greater than’ and so on. Since these represent
abbreviations of the relational operators it was felt 
that the language should accept them as alternative 
forms.
The relational operators were thus defined as
<rop> := EQ ! LT I GT I BETWEEN | = j 
< j > I N<rop>
in any logical combination.
In discussing the query language thus far it has been 
assumed that the value against which items of data are 
to be tested is a single numeric or string constant. 
However, it was envisaged that cases would arise where 
variables would be tested against a range of discrete 
constants (as compared to a continuous range dealt with
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by the BETWEEN operator) as in the following sentence:
P = 2  0 R P = 4  0 R P = 6
This is a compound condition in which the quality ’P ’ is 
tested against the three values ’2*,*4’ and ’6 ’ and is 
TRUE if *P* is equal to any of these three. Although 
this is a legal sentence in the present language 
definition, it was noted that it was not an instance of 
a sentence pattern that was often used in English. For 
example, rather than say
"I will paint the door if the paint is red or
the paint is white or the paint is blue."
it is more usual to say
"I will paint the door if the paint is red,
white or blue."
Using the transformation implied by these quotations, 
the instance above might be replaced by
P = (2 OR 4 OR 6)
This has the effect of reducing a compound condition to 
a simple condition with multiple values. Thus it was 
sensible to change the sentence construction to include 
multiple values. This may be expressed as
139
<cond> := <var> <rop> <val> { <lop> <cond> } } <lop>
<cond >
where
<val> := <con> j ( <con> { <lop> <val> } )
Finally, when specifying compound conditions it is often 
necessary to indicate precedence. For example, the 
sentence pattern
<cond1> AMD <cond2> OR <cond3>
may be interpreted in two possible ways, either
(a) TRUE if (i) <cond1> AND <cond2> OR if (ii) <cond3>, 
or
(b) TRUE if (i) <cond1> AND (ii) <cond2> OR <cond3>.
Using the present language definition these would not 
necessarily yield identical subsets. The usual method 
of indicating precedence is to use parentheses and these 
could easily be included in the language. It was not 
possible to assess the depth to which teachers and 
pupils would wish to nest parentheses. However, each 
level of nested parentheses would require a fairly large 
’workspace* in the computer’s memory, and thus for
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technical reasons the language was restricted to four 
hierarchies of nested parentheses. The definition of a 
subset condition thus became
<cond> := <var> <rop> <val> {<lop> <cond>}
I <lop> <cond> j (<cond>)
In concluding this chapter, the reader may find it 
helpful to consider some examples of sentences of the 
query language developed as a result of this research:
(a) ROCK z CHALK, This is a simple condition which 
would define the subset of a database where the 
variable rocktype takes the value ’chalk*. It 
should be noted, however, that in the current 
database system the language will match variable 
values against the constant ’ch’ since string 
constants may consist only of two characters. It 
was envisaged that this would be the most commonly 
used form of sentence. Having defined such a 
subset, users may then highlight it on a map or 
compile statistics based only on the subset. 
Information thus gathered may then be compared to 
similar information taken from the database as a 
whole, or from a different database subset.
(b) ROCK z CHALK OR ALTITUDE GT 400. This is an 
example of a compound condition involving two 
components. The components are linked by the
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logical operator ’OR’, thus a subset that was 
matched as a result of this condition would include 
all the areas of chalk as well as the areas of high 
relief.
(c) AND LANDUSE = URBAN, The language was designed 
such that this condition would be assessed in 
conjunction with the last condition entered. If the 
last condition was as in (b) above, then the 
resulting subset would include only those urban 
areas that lay on chalk or on land over 400 units 
high.
(d) ROCK N= (CHALK OR KIMMERIDGE). This example 
highlights two features of the language. Firstly, 
it shows how relational operators may be combined
(N= has been used rather than <> or NEQ). Secondly, 
it demonstrates how typing may be reduced by using 
compound values. In this case the subset matched 
would include only those areas that did not lie on 
chalk or Kimmeridge clay.
(e) ALT > 400 AND (ROCK EQ CHALK OR LANDUSE z  URBAN). 
This example shows how precedence may be indicated 
by using parentheses. The areas matched by this 
subset would include only those were altitude was 
greater than 400 units AND rocktype was chalk or 
landuse was urban.
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The development of the query language described here 
took place over a considerable period of time and 
involved the development of a number of prototype 
versions. Much of the thinking behind its development 
was technical in nature, but it was hoped that the 
result would be a language that teachers and pupils 
would recognise as being a useful addition to their 
investigative tools and would thus be sufficiently 
motivated to learn some of its intricacies. However, 
early trials with prototype applications programs 
demonstrated that users did not feel they had to learn 
the entire language in order to make use of it, and many 
saw it as a natural extension of the database system's 
capabilities. On these grounds the writer felt 
satisfied that the time spent in developing this aspect 
of the system's use had been well justified.
Although this chapter concludes the discussion of the 
development of the three realms of the development 
model, the system was not yet ready for general 
dissemination into classrooms. Before the last 
evaluation stage could begin, it was necessary to 
develop a means whereby the system could be controlled 
by the user. In a sense this chapter has dealt 
primarily with the output functions of the applications 
programs; input functions have been mentioned only where 
these affected the form of the applications programs.
In the next chapter the input functions are discussed in 
more detail, and mention is made of the documentation
143
that accompanied the system.
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Figure 5.1 Isopleths produced using the 'search and 





One of the most important aspects of any computer system 
is the way in which it is controlled by the user. Users 
should at all times feel that it is they that are in 
control (rather than the computer) and thus in designing 
the means of user-computer communication the program 
designer must consider carefully both the likely 
clientel and the nature of the tasks to be performed by 
the computer. Once the control structure has been 
designed and implemented the programmer must then 
consider the means by which users are informed of the 
program's operation, and it is at this stage that 
program documentation has to be considered. This 
chapter deals both with the design of a control 
structure for the present geographical database system 
and with the form of the documentation that would 
accompany the system in its introduction to the 
classroom.
6.1 Alternative control structures
Every computer system, program or language has its own 
unique way of providing the user with a means of 
communicating his or her needs to the computer.
However, as part of the present research the writer was 
able to identify four categories of control structure
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that have been employed in computer assisted learning 





In considering the design of a control structure for the 
present database system it was helpful to consider 
aspects of these various categories,
6.1,1 Dialogue
The dialogue mode of user-computer interaction was 
particularly popular in the early days of computer 
assisted learning. However, as recently as 1980 Walker 
et al, noted that:
"most of the CAL programs which operate 
interactively, both in geography and in other 
disciplines, adopt an extremely primitive style 
of dialogue. In this style ,,, the computer 
issues simple multiple choice or yes/no 
questions, and the user types appropriate 
answers."
A possible reason why so many CAL programs used this 
type of dialogue was that it is very easy to code this 
structure in a program. This is because the dialogue
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may be designed to reflect the branching structure of 
the program itself. Furthermore, the dialogue method 
may be used to ensure that the user follows the required 
sequence of steps so as to arrive at the desired 
endpoint - responsibility for the success of the program 
therefore lies entirely with the programmer, who need 
not consider the ideosyncracies of the users.
However, in some cases the dialogue structure can be 
unduly restrictive on the user. It has been pointed out 
by Shepherd and Tagg (1979) that this style of dialogue
becomes tedious when users wish to speed up their use of
a program, or wish to select features in order of their 
own choosing. Nevertheless, it was useful to consider 
how the present database system might be controlled 
using the dialogue control structure. Consider, for 
example, the following dialogue (user responses are 
given here in capitals):
Do you wish to draw a cross section? NO
Do you wish to draw a map? YES
Which variable from (a) altitude (b) rocktype? A 
Which map from (a) isoline (b) choropleth? B 
How many classes? 6
Using equal (a) intervals or (b) sizes? B 
Use the standard shading patterns? YES 
Colour 1 or colour 2? 1 
Include a legend? YES 
Drawing map ... please wait.
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This type of question and answer sequence would have the 
advantage that the complex process of telling the system 
what map to draw and how to draw it would be broken up 
into several stages. At each stage the user would be 
required to make a simple decision. In effect the 
database system would be providing the user with a 
check-list of items to be considered when drawing a 
computer map. However, it was thought that a major 
disadvantage of this method of control would be that the 
step-by-step process would have to be completed for each 
map drawn, and it was hard to see how Shepherd and 
Tagg's criticism regarding the tedious nature of this 
type of dialogue could be avoided. In fact, similar 
dialogues would need to be devised for each of the major 
applications programs, and when the number of selectable 
features associated with the applications programs 
described in chapter 5 were considered it was recognised 
that the tedious nature of this method of control might 
be a serious drawback for the current database system,
6,1,2 Menus
As with the dialogue structure of control this is a well 
tried method, and may be likened to providing a 
'contents page' or index in a book. More recently, this 
approach has been adapted for use in 'viewdata' systems 
such as Prestel (the British Telecommunications viewdata 
network) and Teletext (transmitted as part of television 
signals in the UK),
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Each 'menu' consists of a list of options together with 
a request for the user to choose one or more of the 
options listed. On selecting an option a user may be 
presented with a new menu detailing another list of 
options. Often the user is guided through a series of 
menus, starting at the top level of the program and 
progressing until all the minor program options have 
been specified. For example, the menu structure might 























choropleth map Which? B
neither
change number of classes 
change colour 
change class limits 
change legend 
change variable
no more changes Which? C
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IV... (a) equal class intervals
(b) equal class sizes Which? B
(Control would then return to menu III, from which the 
user could select option (f) in order to draw the map.)
Menu III above demonstrates how a system of default 
values may be used in order to allow the implementation 
of a menu control structure. The menu deals with all 
the subsidiary parameters that must be specified before 
a map is drawn, but the menu does not insist that the 
user should select all the options before drawing the 
map. This means that the computer must remember the 
current settings of all these parameters in case they 
are not reset for the map about to be drawn - a trivial
task for a computer to perform. Furthermore, the
computer must have a series of values that it may use 
if, in the course of running the program, the user does 
not specify actual values. For example, the computer 
may decide that all diagrams will be drawn in red unless 
the user deliberately specifies otherwise. This is 
commonly known as a 'default system' and represents a 
marked improvement over the simple dialogue control 
structure since it means that the user has more control 
over the order in which sections of the program are 
executed. As a result the process of controlling the 
computer is less tedious.
However, it should be noted that many of the options
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presented by the menus are of no immediate concern to 
the user. For example, the user may not require any of 
the options in menu III above and these options are 
therefore largely redundant (and, it could be argued, 
serve only to confuse noviciate users). This criticism 
is partially overcome by the third control structure 
category.
6.1.3 Routes
This is a more recent control structure developed 
specifically for educational programs in the early 
1980s. The route structure is similar to the menu 
structure in that the user is presented with a series of 
alternatives, often presented in a hierarchical form, 
from which the user may choose the ones required. 
However, it differs from the menu structure in a number 
of ways:
(a) The first choice of options is restricted to just 
two. These may be summarised as (a) produce output 
and (b) change the program's parameters.
(b) The options are not displayed unless the user 
requests them specifically. Instead, users are 
provided with a (hard copy) list of the options and 
derivitive options.
(c) Further options may be selected from the first 
'menu', but this only occurs where it is logically
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required (for example, it would be necessary to 
select the 'classes’ option before indicating the 
number of classes to be used; it would not make 
sense to select a number before specifying what 
should be done with it).
(d) Options are selected by pressing single keys, but 
these are mnemonic ('C ' for clear and so on).
In effect the user pre-selects a 'route' for the program 
to follow before instructing the program to begin its 
task. In comparison to the dialogue structure the route 
structure gives the user greater flexibility in terms of 
the order in which options may be selected.
Furthermore, users need only concern themselves with 
those options that they require immediately - no 
redundant information is displayed on the screen unlike 
the menu control structure.
The ITMA collaboration has developed a sophisticated 
method of documenting the route structure for particular 
programs (Wells, 1982). This involves a 'drivechart' 
which the user must study in order to select the 
options. A special notation is used to indicate to the 
user which options must be specified at each stage and 
which may be left, if desired, to the program's default 
system.
An example of how this control structure might be
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adapted to the current database system follows (in this 
case user input is not always displayed on the screen, 











By pressing the RETURN key at the end of this sequence 
the user indicates that the route has been defined (or 
that no more changes to the current route are to be 
made) and the computer would then draw the required map.
6.1.4 Command language
This is most traditional method of providing 
user-computer communications facilities in the sense 
that the vast majority of programming languages are 
'command* or 'keyword' based. This includes 
machine-level languages (in which the 'keywords' are 
simply numbers corresponding to operations of which the 
computer processor is capable), low-level languages 
(FORTH, CESIL, and assemblers such as Z80 and 6502) and
154
high-level languages (BASIC, FORTRAN, LISP, LOGO and so 
on). Exceptions are some authoring and derived 
languages which generate programs based on user input 
through menus or dialogue.
In structures of this type users are allowed to enter 
English-like words to indicate their requirements. Of 
the four structures described, the command language 
structure is by far the most difficult to code in a 
program (Wood, 1973) and is inevitably expensive in 
terms of memory requirements. For these reasons it has 
not been common in computer assisted learning packages 
implemented on microcomputers.
The aim of such a structure is to make the process of 
communicating with a computer more like that of holding 
a conversation with a fellow human; users are permitted 
to enter words and numbers in any order they wish and 
the computer must try to decipher these words as best it 
can. To be truly effective this method must use 
techniques developed in the world of artificial 
intellegence; unfortunately this art is as yet poorly 
developed, and in any case such complex systems are not 
easily transferred to the microcomputer. The 
limitations of the latter mean that restrictions must be 
placed on the program's vocabulary, and the programmer 
must be content simply to indicate words or phrases 
which are not understood rather than try to undertake 
complex analysis of errors. A major disadvantage of the
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command language structure is that the user must type in 
the instructions letter-by-letter, word-by-word, leading 
to possible typographical as well as syntactic errors. 
Nevertheless, some computer assisted learning programs 
have used simple command languages to relatively good 
effect, including programs produced by the Computers in 
the Curriculum project (Watson, 1979).
Such a command language could be developed for use with 
the present system. Keywords would need to be developed 
that were mnemonic, such as 'CLEAR' to clear the screen 
and 'MAP' to draw a map.
6.2 Towards a control structure
Since many of the teachers and pupils who would use the 
system might be unfamiliar with computers, and few would 
be gifted typists, it was important that the control 
structure was easy to use. However, the structure 
needed also to be flexible in order that it could take 
account of the system's complexity. Thus the objectives 
of the design of the control structure were similar to 
those cited for the query language syntax in chapter 5.
6.2.1 User friendliness
'User friendliness' is a term often used to describe the 
success or otherwise of a control structure, and many 
software reviews in educational journals are largely 
devoted to describing the ease with which users can 
control certain programs whilst other programs are
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dismissed as being 'unusable' on the basis of their 
control structure alone. However, it should be 
recognised that the 'friendliness' of a system should be 
judged in relation to its purpose and complexity, and 
control structures that are appropriate for one type of 
software may not provide the desired 'user friendliness' 
in another. It was thus necessary to consider the types 
of control structures in relation to the current 
geographical database system and to devise a structure 
that was appropriate both to the system and to its 
potential users.
Since the database system involved so many utilities and 
options it was clear that the level of skill needed in 
order to control the system would be greater than that 
needed for less ambitious computer assisted learning 
programs, but at the very least there ought to be a 
pattern to the way in which the user communicates with 
the system. It was thought that one way of designing a 
structure that would have a recognisable pattern would 
be to consider the applications programs separately from 
the options which each of the applications programs 
involved.
This led to the idea of having a two-level control 
structure. A high level structure would provide users 
with access to the major utilities (such as choropleth 
maps, cross sections, histograms, and so on) whilst a 
low-level control structure would allow users to change
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the more cosmetic aspects of the system's use such as 
the colour used, the shading paterns selected, and so 
on. Although these two control structures might be 
designed to use the same basic method of communication 
with the user, it was thought that separating the two 
would simplify both the process of design and the 
process of learning to use the system which teachers and 
pupils would have to undergo.
6.2.2 A high level control structure 
Because it was thought that many users would be 
unfamiliar with computers it seemed sensible to adopt a 
high level control structure that would provide a simple 
and clear overview of the facilities available to the 
user. This suggested that the system's applications 
programs should be categorised according to their 
functions. Thus it was felt that the first decision 
that users should be asked to make should be concerned 
with whether they wished to edit a database using the 
data management applications programs or investigate a 
database using the data interrogation facilities. It 
was recognised that such a decision would normally only 
need to be made once during a session with the system, 
but it was thought that a display showing these two main 
options would help to clarify teachers' and pupil's 
thinking. It therefore seemed reasonable to provide 
users with a menu that displayed these two options, 
together with a third option which would allow them to 
exit from the system altogether. This menu was termed
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It was hoped that this clear presentation of the main 
options would provide a simple and effective means of 
controlling the system at a high level, one that would 
not 'frighten' users who were unfamiliar with the system 
or who lacked confidence. For the same reason it was 
decided to design two further menus that would give 
users access to the main utilities within each of the 
two categories listed in the Main menu. Thus it was 
decided that option (a) of the Main menu should lead to 
a list of the major interrogation facilities. The 
problem was then to decide on a sensible classification 
of the retrieval applications programs.
One obvious method of classifying the interrogation 
facilities was to separate the one-dimensional and 
two-dimensional approaches. This gave two classes 
consisting of
(a) choropleth and isoline maps, and
(b) descriptive statistics, histograms, scattergrams 
and correlation coefficients.
However, this classification did not allow for the
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subset operations. It seemed sensible to allow users to 
investigate data windows and relational subsets either 
by mapping them (by using a shading pattern to highlight 
the subset) or by compiling statistics relating to the 
particular subset. Thus these two applications programs 
could be assimilated into both of the classes (a) and 
(b) above. However, the cross section operation was not 
easily associated with either maps or statistics, and 
thus it was decided to include it separately within the 
data interrogation menu. In addition, options were 
included to return to the Main menu (from which the data 
management facilities could be selected) and to exit 







In designing the data management applications programs 
(chapter 5) it was sensible to adopt a classification 
involving :
(a) initialisation of database parameters,
(b) data transfer and backup, and
(c) data editing.
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However, it was felt that if these were used as menu 
options the first two classifications would receive 
undue attention. After all, the process of initialising 
a database would be used only once for each database and 
data transfer and backup would be required only 
infrequently. However, the data editing applications 
programs (editing variables and editing basemaps) would 
be used many times for each database. Hence it was 
decided to give equal prominence to each management 
applications program in a data management menu:






Once again, options were included to return to the Main 
menu and to exit from the system. It was hoped that 
this method of high level control would provide a simple 
structure which would help and encourage teachers and 
pupils learning to use the database system whilst not 
proving tedious or irritating for those users who would 
become proficient in the system's use. The next stage 
was then to consider the way in which users should be 
given control over the operation of the various 
applications programs once these were selected.
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6.2.3 A low level control structure
In discussing the data management applications programs 
in chapter 5 it was mentioned that the best method of 
controlling the data editing facilities was to use 
single keystrokes to control moving cursors. In order 
that the low level control structures were consistent in 
their approach it seemed sensible to adapt the single 
keystroke method to the other applications programs.
This suggested that the control structure adopted should 
be either the 'menu' or the 'route' systems described 
above.
It had to be borne in mind that much of the screen 
display would be taken up by maps and diagrams, and in 
fact the RML 3802 computer reserves only the bottom four 
lines for text alone. However, bearing in mind the 
large number of features available to users in the 
applications programs the menus would need to use a 
large part of the screen, and thus the menu control 
structure had to be discounted for low level control.
It was therefore decided to adopt generally the route 
control structure as the method of low level control.
In fact this decision reflected a popular opinion of the 
time. For example, in 1982 Wells argued that the 
'routes' approach to program control provides a 
'superset' of all other methods when used with 
teacher-controlled computer programs. Certainly, it has 
major advantages compared to the dialogue and menu
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techniques where there are a great many options and 
features that need to be controlled and has the 
advantage over the command language structure of 
requiring very little typing, leading to fewer errors.
In addition the route approach was used by a number of 
major software development centres, including the ITMA 
collaboration, and would thus be familiar to some 
teachers and pupils.
However, two disadvantages of employing the routes 
control structure were identified. Firstly, it would be 
unreasonable to expect teachers to remember the large 
number of options available at each stage. In the case 
of the 'maps* utilities there were more than twenty such 
options (including, for example, options to clear the 
screen, draw a map, change the colour, change the 
shading patterns, and so on). This meant that some sort 
of 'drivechart' would have to be designed. However, the 
writer felt that constant reference to the drivechart 
would distract the attention of the user. Secondly, it 
became clear that the routes structure alone would not 
be sufficient to cope with all the various types of 
input that the computer would require. For example, 
when the user wished to draw a map he or she would have 
to specify which variable was to be mapped, and this 
would be difficult using the routes control structure 
alone.
For these reasons it was decided to adapt the routes
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control structure for use in the present database 
system, in two ways. Firstly, a 'promptline' was 
designed for each major applications utility. Initially 
this involved listing the major features with key 
letters emphasised in capitals:
claSses Clear coLour Help Isoline, Pattern
It was hoped that such lists of commands would be enough 
to remind teachers and pupils of the commands available, 
and would thus help them avoid the inconvenience of 
referring continually to a drivechart. However, this 
method was later dismissed as a suitable method since 
the large number of options available tended to produce 
a cluttered screen. Instead it was decided to list just 
the keyletters and this produced promptlines that were 
concise but, it was hoped, would provide a memory aid 
for users. For example the promptline for the 'maps' 
utility became:
(A,B,C,D,F,Help,I,L,M,N,P,Q,S,W):
Although there were problems in arriving at mnemonic 
letters for all the commands (for example, 'C ' could not 
be used for both the Clear and Colour options, and 
therefore the colour option was allocated the letter 
'L') it was felt that the promptline would provide a 
significant aid to memory. In addition, a Help option 
was provided (accessed by pressing 'H') and this was
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used to provide a 'help message' designed to give a 
summary of the options and the letters with which they 
were associated.
Secondly, it was decided to adapt the route structure so 
that some inputs were textual. For example, having 
selected the colour option, the user would be prompted 
with
Which colour?
to which the user would be expected to type a number, 
followed by pressing the RETURN key. Similarly, in 
selecting a variable to be mapped using choropleths the 
computer would prompt with
Map which variable?
Again, the user would respond by typing the variable 
name and then pressing the RETURN key. This adaption of 
the route structure had the added advantage that the 
query language developed in chapter 5 could easily be 
incorporated into this structure. Thus the user would 
press 'Q' to indicate that a relational subset was 
required, to which the system would respond with
Query?
following which the user could enter the query language
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sentence. Although it was recognised that the query 
language could have been adapted to other forms of 
user-input, the writer felt that it was best employed 
using the form of input assumed in its design.
This low level control structure was implemented for all 
the major applications programs. It was then possible 
to begin to design the system documentation.
6.3 Documentation
Bearing in mind the complexity of the database system it 
was important that the documentation that would 
accompany the system into schools was carefully 
considered. It would, after all, provide a starting 
point from which teachers and pupils would begin to 
learn the intricacies of the system. In addition it 
would be needed as a reference manual for cases where 
users were unsure of the effect of a particular option.
It was thought that both the starting point and 
reference functions of the documentation could be 
included in a single volume providing its structure was 
clear. Thus the difference between introductory 
chapters and reference sections should be plainly 
distinguished. Furthermore, it seemed appropriate that, 
where possible, the structure of the documentation 
should mirror that of the system itself.
For these reasons it was decided to compile a single
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manual divided into chapters that corresponded to the 
utilities displayed in the three menus of the high level 
control structure. This resulted in a manual of three 
major sections, labelled 'Introduction*, 'Data 
interrogation', and 'Data management'. As well as the 
introductory section, in which an informal overview of 
the system was given, in was decided that both of the 
remaining sections should be prefaced by a chapter 
giving a summary of the main interrogation and 
management facilities respectively.
Similarly, the Data Interrogation and Data Management 
sections were divided into chapters headed according to 
the entries in the interrogation and management menus 
respectively. Each chapter was designed to begin with a 
general introduction to the options detailed in the 
remainder of the chapter. Within these chapters, the 
options were covered in alphabetical order, the order in 
which they appeared in the utilitys' promptlines.
It was hoped that this structure would be sufficiently 
clear to users, enabling those who were learning to use 
the system to turn quickly to the relevant introductory 
section, chapter or paragraph whilst the explanations of 
the options in alphabetical order would allow more 
experienced users to find references quickly. However, 
there was some information that would only be of use to 
a very small proportion of users (mainly technical 
information regarding the use of special or unusual
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computer configurations, printers, and so on) and rather 
than include this in the reference sections of the 
manual - where it might confuse inexperienced computer 
users - it was decided to design technical appendices 
which could be referred, to when necessary.
The compilation and production of the prototype system 
manual concluded the second stage of the research model 
described in chapter 2. The design and production of a 
working system had so far been based primarily on 
theoretical considerations. However, it was now 
possible to introduce the database system to its 





Early chapters in this thesis described the 
identification phase of the research. As a result of 
this phase it was suggested that there was a need to 
develop a spatial database system for use in secondary 
school geography teaching. The chapters immediately 
preceding this one dealt with the development of the 
system. As a concrete outcome of this phase a prototype 
version of the system (termed 'GeoBase* for the purposes 
of initial dissemination and eventual publication) was 
prepared.
With the main theoretical developmental stages of this 
research complete it was possible to progress to the 
consolidation phase in the research and development 
model reviewed in chapter 2 and adapted for this 
project. This third stage of the evaluation considered 
whether the system was effective in terms of its design 
aims,
7.1 Aims of the consolidation phase
In general terms the consolidation stage represented a 
summative analysis of the system's use in order to 
assess the its strengths and weaknesses. It was hoped 
that, as a result of this stage of evaluation, changes
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to the system would be identified which would lead to an 
improved version. However, in addition it was planned 
that the consolidation stage would also provide an 
opportunity to investigate in more detail the 
interactions and activities that resulted from the 
introduction of the system into educational 
establishments. Therefore, the general aims of the 
evaluation were seen to be twofold:
(a) System evaluation - to consider the effectiveness 
and efficiency of the system's performance in the 
environment for which it had been designed.
(b) Classroom evaluation - to test the effectiveness 
and assess the validity of using such a resource for 
teaching and learning geography.
7.1.1 Specific evaluation objectives 
From these general aims there emerged several more 
specific objectives. The general aim (a) above yielded 
two important questions that needed to be resolved. 
Firstly, were there any system weaknesses which limited 
the effectiveness of the system when used in the 
classroom? A great deal of time had been spent prior 
to this stage of evaluation to ensure that the system 
was 'robust' in the sense that it contained few 
programming errors. Thus it was not expected that the 
answer to this question would involve operating system 
errors. Rather, it was hoped that any procedural 
weaknesses in the system's behaviour or output would be
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identified, leading to changes in the structure of the 
operating system.
Secondly, are there any major omissions that limit the 
range and scope of the GeoBase system's classroom 
applications? Not only was the research viewed by the 
writer as an end in itself (resulting, it was hoped, in 
a useful addition to classroom resources) but it was 
also seen as a possible starting point for further 
research and development. It was felt that this 
research might lead to developmental recommendations 
which, because of the time constraints of the present 
research, might not be implemented in the present 
GeoBase system but which could be aims for further 
system development.
The second general aim (b) above related to the more 
classroom based objectives of the GeoBase system. From 
these it was possible to derive a number of more 
summative research aims:
(a) To discover whether the system was appropriate for 
use in a variety of classroom environments,
(b) To discover whether the system was an appropriate 
tool for teaching a number of geographic topics,
(c) To ascertain whether the system could support a 
variety of teaching strategies, including individual 
study.
(d) To investigate the willingness and ability of
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teachers and pupils to use such a complex system.
As a summative evaluation the research resulting from 
these objectives could not, however, hope to be 
exhaustive. The reasons for this were partly pragmatic 
in nature. A large part of the research described 
herein was concerned primarily with the developmental 
evaluation and construction of a working system; it was 
inevitable in these circumstances that the summative 
evaluation of the system played a lesser role than the 
writer desired. Indeed, it was felt that the summative 
evaluation of the GeoBase system deserved the attention 
of an entire thesis, but within the bounds of the 
current research an exhaustive approach was not 
feasible. However, the writer also recognised that 
there were theoretical problems that might restrict the 
types of evaluative approaches that were possible, and 
these were considered in detail at an early stage,
7.1.2 Problems of summative evaluation in computer 
assisted learning
A number of writers have suggested that evaluative
evidence concerning the efficacy of computer assisted
learning compared with other educational methods is
rather sparse (for example, Kent, 1983; Sakamoto et al,
1979; Wragg, 1981) although there have been exceptions,
as in Root and Stoltman (1973), Ellinger and Frankland
(1976) and Grummitt (1980). However, these studies were
somewhat limited both in their scope and in the value of
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their conclusions.
Possible reasons for this emerged from texts by Walker 
(1 9 8 3) and Papert (1972; 1980) amongst others, and their 
comments suggested to the writer that a number of 
difficulties might be associated with a more traditional 
approach to the summative evaluation of the GeoBase 
system. The first difficulty was that the GeoBase 
system was not designed to replicate exactly the sort of 
learning and teaching activities that might normally 
prevail under established teaching methods. On the 
contrary, in designing the 'Geoland* mini-world the hope 
was expressed that the system might promote a trend 
towards more innovative teaching styles and learning 
modes.
A second difficulty arose from the fact that potential 
learning gains were difficult to quantify.
Significantly, the comparative evaluations reviewed by 
the writer involved 'drill and practice' or computer 
assisted instruction programs where the objectives of 
the software could be clearly and precisely defined. 
However, it proved difficult, if not impossible, to 
define beforehand what the learning gains might or 
should be (a difficulty shared with many other 
innovative developments). This was partly a result of 
the fact that the GeoBase system was designed so as to 
be concept- and content-free. Furthermore, it was felt 
that many of the general aims of the system's
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development involved implied side-effects including 
social as well as educational aspects.
Thirdly, many of the objectives set for the GeoBase 
system did not fall within the confines of traditional 
educational objectives. For example, earlier chapters 
in this thesis include Papertian phrases such as 'the 
enrichment of learning', 'deeper understanding' and 
'intuitive learning'. It was felt that as a result of 
their generality these would be difficult to assess by 
standard methods of evaluation such as the comparison of 
before and after states,
A fourth difficulty derived from the fact that the 
system might involve students in a variety of learning 
experiences, and mobilise a number of behavioural 
activities. Walker et al. (1980) have pointed out that 
extracting individual learning activities from complex 
learning situations for the purpose of separate 
evaluation would be inappropriate.
Finally, because it was felt that few topics would be 
taught exclusively by using the GeoBase system, it would 
be necessary to distangle the relative influences of the 
GeoBase system from that of the other methods used. 
Needless to say, various interaction effects might serve 
to further complicate the issue.
In any event, the comparative method of evaluation has
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received some criticism in recent years following work 
by, for example, Parlett and Hamilton (1972), who 
suggested that the whole rhetoric of pre-tests and 
post-tests, gain ratios and significant differences 
depended on an illusory and fictitious scientific 
determinism. The assumption that significant variables 
could be isolated, that teachers' attitudes could be 
controlled, that the effect of 'novelty' or the arrival 
of a researcher could be discounted - all these have 
been seriously called into question.
Despite these difficulties, in designing the methods of 
evaluation here it was felt that in addition to 
providing practical information to meet the evaluation 
objectives the methods employed by the research would 
help to identify some of the problems associated with 
evaluating computer assisted learning.
7.2 General evaluative design
The third stage of the GeoBase system's evaluation was 
designed to take account of the problems mentioned above 
as well as the immediate aims and objectives of the 
present research.
7.2.1 The general evaluation strategy 
It was recognised that one of the most important 
limitations in evaluating the GeoBase system was that 
only a small proportion of the relevant classroom 
activity could hope to be observed (either by teachers
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or by the writer) and in any case only a fraction of 
observed behaviour could hope to be directly measured or 
recorded. It was important, therefore, to develop an 
approach to evaluation that avoided, where possible, the 
danger of only evaluating that which was easily 
quantif iable.
Previous attempts had been made by researchers to 
overcome this problem in relation to the evaluation of 
computer-based resources in the classroom, and in some 
cases these led to the development of highly structured 
strategies for the classroom observation of lessons in 
which computers were used. For example, the ITMA 
collaboration developed SCAM (Systematic Classroom 
Analysis flotation), a system of observing and recording 
classroom 'activities' and 'episodes' to give a detailed 
picture of the rhythm of the teaching dialogue, the 
emphasis being on describing the levels of demand on 
pupils and of guidance by the teacher (outlined in 
Beeby, Burkhardt and Fraser, 1981). However, all such 
approaches have failed to indicate a means whereby the 
data thus collected could be successfully analysed. The 
problem of drawing inferences from the data collected 
was typified when Burkhardt, Clowes, Eggleston and 
Fraser (1981) commented:
"In summary, we don't know how to do it but it
is important that you do it well,"
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Furthermore, most of these studies dealt with the 
evaluation of programs having specific content-related 
aims, or programs that were designed to encourage 
particular cognitive or physical pupil-activities. 
Therefore researchers could analyse the use of the 
computer program in terms of its ability to foster 
particular subject-related concepts, and could justify 
drawing limited inferences about the educational value 
of the program from detailed observation and analysis of 
pupil activity and concrete lesson outcomes. It was 
felt that in the present case such evaluation would not 
be appropriate since the GeoBase system was designed 
without reference to specific geographical contexts, 
classroom environments or teaching strategies. It was 
further felt that an analysis of the effectiveness of 
the GeoBase system in terms of its ability to foster 
specific geographical concepts would be relatively 
uninformative in terms of the system's wider design 
aims.
However, educational aims have been an integral part of 
the system's design. Whilst it was hoped that the 
system would support teachers who wished to impart 
specific concepts, primarily it was designed to be able 
to adapt to a variety of teachers needs and
expectations. Therefore it seemed reasonable to include
in the evaluation of the system an analysis of
subjective comments made by teachers and pupils. It was
hoped that these would not only provide information
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leading to improvements in the system's performance and 
suggest extensions of its capabilities, but would also 
provide insights into the types of teaching and learning 
activities that could be achieved, or were encouraged, 
by use of the GeoBase system.
7.2.2 The sample population
As a first requirement, every effort was made to ensure 
that the sample population contained a cross section of 
the secondary school geography teaching profession. 
During the eighteen months of the trial period, the 
project gained the support of over forty participants. 
Most of these volunteered their services through the 
good offices of the MEP (South West region), the 
University of Bath and the Local Education Authorities 
in the South West (primarily Wiltshire, Avon, Somerset 
and Dorset). Some positive vetting was required in 
order to avoid over-subscription in some categories.
Some contacts were made following an article published 
in a teacher's geographical journal (Ferguson, Hones and 
Richards, 1983) but, for administrative reasons, distant 
participants were encouraged only where the participant 
concerned was prepared to guarantee reliable and regular 
reports.
The majority of the sample therefore consisted of those 
teachers who, for personal or professional reasons, were 
already sufficiently enthusiastic or interested in 
computer assisted learning to become involved. However,
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some participants were gathered as a result of 
in-service training courses where their attendance had 
been recommended by Local Education Authority advisors. 
It was felt that this helped to some extent in 
overcoming the bias, an assumption supported by the fact 
that some of these teachers were, initially, openly 
'sceptical*. It was not, of course, possible to be 
certain that the sample contained teachers of all 
persuasions, nor that the sample was truly 
representative of the profession as a whole. However, 
the sample did contain participants with a variety of 
levels of experience (both in teaching and in computer 
assisted learning) who endulged in a variety of teaching 
styles in various types of educational establishment. A 
summary of the sample population is given in table 7.1.
Participants were encouraged to partake of two types of 
activity. Firstly, teachers were asked to use the 
system as part of their teaching syllabus. In most 
cases no attempt was made to dictate the topic or style 
of teaching, nor the age or ability of the classes. 
However, on isolated occasions teachers were given some 
guidance, primarily where the writer wished to evaluate 
a particular attribute of the system. Secondly, 
teachers were encouraged to design and produce their own 




Since it was the intention of the writer to evaluate the 
GeoBase system’s use from a variety of viewpoints, and 
having borne in mind the difficulties and uncertainties 
associated with the evaluation, it was decided to employ 
a number of inter-related data collection techniques. 
These were designed deliberately to reveal different 
aspects of the system’s use. Four methods were 
employed. Firstly, every participant was asked to 
complete questionnaires. These, it was hoped, would 
provide an overall picture of the activities that were 
encouraged by the system, and would highlight areas of 
the system that caused problems. However, it was felt 
that the questionnaire technique would not provide 
sufficient information in order to evaluate the 
cognitive activities that pupils underwent in using the 
system, and therefore a second technique was adopted in 
which several questionnaire returns were followed up by 
more detailed ’case studies’. Thirdly, the writer 
personally observed a number of lessons at the 
invitation of teachers. This technique enabled the 
writer to assess the system’s use at first hand.
Finally, all participants were interviewed at some stage 
during the trial. This last technique, it was hoped, 
would enable the writer to gain an overall feel for the 
way in which teachers perceived the system and would, in 
addition, provide opportunities to fill any gaps in the 
data collected through the other techniques.
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7.2.3.1 Questionnaires
Two distinct types of activity involving the GeoBase 
system were encourged, namely data interrogation and 
database creation, therefore two questionnaires were 
designed, questionnaire Q2 covering aspects of the 
classroom interrogation of data and questionnaire Q3 
covering database creation. The design of these 
questionnaires is now described.
Participants were asked to complete questionnaire Q2 
(appendix A.3) after teaching a lesson in which the 
GeoBase system was used. Since the evaluation aims 
covered several aspects of the system’s use it was 
decided to divide the questionnaire into a number of 
sections. Questions in the first section were designed 
to cover the administrative aspects of the lesson, such 
as the name of the teacher and the class age, ability 
and size. In addition it included questions relating to 
the previous experience of the class with regard to 
computers in general and the GeoBase system in 
particular. The second section dealt with the aims and 
specific objectives of the lesson in terms of pupil 
activity and the expected lesson outcomes. In addition 
it also covered aspects of class management and invited 
respondents to note any management problems that 
occurred. The last two sections were concerned more 
with aspects of the system’s performance; the third 
section was concerned with problems that arose from the 
system’s use, whilst the fourth section invited comments
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regarding the comparative value of using the GeoBase 
system. In addition to completing the questionnaire, 
teachers were encouraged to return examples of materials 
used or produced during the lesson including supportive 
materials, lesson plans, pupil worksheets and examples 
of pupils’ written work.
Questionnaire Q3 (appendix A.4) was designed to illicit 
information regarding the creation of databases by 
teachers and/or pupils. Participants were asked to 
complete the questionnaire after producing a database.
It was hoped that the questionnaire would provide 
information leading to improvements in the data 
management facilities of the GeoBase system and thus 
respondants were encouraged to comment on the 
difficulties they met in the process of database design 
and production. In addition, the questionnaire 
requested detailed information on the contents of the 
database. It was envisaged that this would allow the 
writer to act as a focus for dissemination of the 
various databases that resulted from the system’s use 
during the trial period.
In order to gain information regarding the general 
background of the teachers using the system it was 
decided to design a third questionnaire, labelled Q1 
(appendix A.2). This questionnaire covered a variety of 
administrative aspects concerning the teacher. However, 
it was felt that teachers’ previous levels of experience
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with computer assisted learning, and their degree of 
formal ’training’ in the system’s operation might also 
have a bearing on the use made of the system, and these 
two aspects were thus also included,
7.2.3.2 Case studies
Although the questionnaires were designed so as to give 
an overall picture of the use of the GeoBase system it 
was felt that they would not in themselves provide 
sufficient detail for the purposes of the project, 
particularly in terms of the types of pupil activities 
that were arranged by the teachers using the system. 
Therefore it was decided that some of the questionnaires 
would be followed-up in more detail in the form of case 
studies.
The method of choosing which cases to follow-up was 
deliberately purposive, the aim being to research in 
detail a cross section of the ways in which GeoBase was 
used both within the classroom and as part of individual 
studies by pupils. Teachers participating in the trials 
were informed that some lessons might be followed-up by 
the researcher in more detail, and most teachers 
therefore kept a fairly detailed record of their 
experiences with the GeoBase system in addition to 
completing and returning the questionnaires. However, 
the studies were commissioned at intervals during the 
trial period so that the information required was still 
fresh in the teacher’s mind.
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Four of the total of six case studies involved the 
classroom use of the GeoBase system. In each of these 
cases the teacher involved was asked to write a detailed 
description of the lesson. In order to guide the 
teachers in writing the report, they were given a 
checklist of considerations (appendix A.5) which were to 
be borne in mind. However, it was emphasised that the 
report was to be a subjective account of the lesson, and 
to a large extent the teachers involved where encouraged 
to make those points which they themselves felt were 
important.
An alternative strategy was adopted for the two 
remaining case studies. Since one of the aims of the 
GeoBase system was that it should allow pupils to 
investigate geographical phenomena, it was felt 
appropriate that special emphasis be given to instances 
of pupils' individual studies. On this basis two case 
studies were commissioned. The first comprised a 
subjective account of the progress of a pupil's 
individual study from a teacher's viewpoint. The 
teacher concerned was invited to write an account of the 
problems and successes that resulted from the use of the 
GeoBase system. The second was compiled from a pupil's 
viewpoint, and drew heavily on a final report presented 
by a pupil to an 'A' level examining board. The process 
of compiling this last case study also involved 
extensive discussion with the pupil's teachers as well
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as interviews with the pupil concerned.
Table 7.2 gives a summary of the case studies that were 
commissioned as a result of the research.
7 .2 .3 .3 Lesson observation
Whilst the questionnaires and case studies were designed 
to provide a fairly detailed account of the uses of the 
GeoBase system, it was recognised that they would not 
enable the writer to gain an impression of the 
environments in which the system was used. The writer 
therefore decided to observe a number of lessons in 
various establishments in order to gain a 'feel' for the 
types of classes, classrooms and schools in which the 
system was employed.
Initially it was intended that the writer would observe 
lessons as a matter of course throughout the trial 
period. However, it soon became apparent that in terms 
of data collection this method had a major disadvantage. 
This stemmed from the fact that teachers tended to call 
on the visiting 'expert' whenever problems occurred with 
the system's operation. Furthermore, both teachers and 
pupils constantly called on the writer to confirm that a 
particular command was correctly typed or structured, or 
a particular interrogation strategy was appropriate.
Because the effect of the presence of the researcher was 
found to be so marked it was later decided to observe
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only those lessons where the presence of the writer was 
requested specifically by the teacher concerned. 
Nevertheless, it was felt that it formed an important 
part of the general evaluation strategy in that it not 
only provided insights into the learning and teaching 
environments but served also to encourage teachers and 
to impart the impression that they were being supported 
in their efforts.
7.2.3.4 Personal interviews
Although teachers were invited to make general comments 
in completing the questionnaires, it was thought that 
both the writer and the teachers would welcome the 
opportunity to expand on some of the points that arose 
from the use of the GeoBase system. Thus the writer 
arranged informal interviews, and most of the teachers 
and pupils who contributed directly to the data 
collection process were interviewed at some stage during 
the trial.
At various times the writer also took the opportunity of 
meeting groups of teachers participating in in-service 
work, and the interaction and resulting discussions 
between groups of GeoBase users proved particularly 
enlightening, both for the writer and for the teachers 
involved. In a some cases these courses were designed 
specifically to instruct teachers in the use of the 
GeoBase system, and these provided valuable 
opportunities for testing the system's performance in
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terms of its 'user-friendliness'.
7.3 Development of the evaluation models 
It has been noted at the beginning of this chapter that 
the evaluation of the GeoBase system was seen as having 
two general aims. In the first, loosely termed 'system 
evaluation', the evaluation was concerned both with 
indentifying areas where the system could be improved 
and with formulating recommendations for its extension. 
In the second form of evaluation, termed 'classroom 
evaluation', the emphasis lay more upon the educational 
aspects of the system's use. It was not expected that 
the second form of evaluation would necessarily lead to 
changes in the system itself.
The results of the two categories of the evaluative 
design are discussed in chapters 8 and 9. However, the 
implications for the types of evaluation attempted that 
arose as the trial progressed are first discussed,
7.3.1 Models of system evaluation
The evaluation of the system's performance had two major 
objectives: to identify system weaknesses and hence to 
produce improved versions, and to formulate 
recommendations for the system's future development. 
Initially it was envisaged that the questionnaire 
responses would provide sufficient information to meet 
these two objectives, the third section of questionnaire 
Q2 and question 10 of questionnaire Q3 having been
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designed specifically for this purpose. The evaluation 
model that was borne in mind in designing these 
questions involved the 'feedback' of ideas from teachers 
to the writer.
More specifically, it was envisaged that the writer 
would first identify system weaknesses from the 
appropriate sections of questionnaires Q2 and Q3. The 
structure of the system would then be changed in order 
to take account of the weaknesses identified. Finally, 
the altered system would be fed back into the trials, 
and the process repeated until the system reached a 
state where no more changes were desirable. If changes 
were suggested by teachers that could not be implemented 
within the trial period because of time contraints, 
these were to be carefully considered by the writer and, 
if they were thought to be technically possible and 
educationally desirable, they would be put forward as 
recommendations for future system development. The end 
state would be reached if the time available to the 
project expired, or if it was felt by the writer or the 
teachers involved that further changes were not 
important in terms of the system's use in the classroom 
and did not merit the amount of time that would need to 
be taken in order to implement them.
This form of 'feedback evaluation' had been previously 
developed by well established software producers such as 
the Computers in the Curriculum project at Chelsea
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College and described by Watson (1979). It was an 
approach designed to ensure that most of the potentially 
infuriating problems of poor design were eliminated. 
However, at an early stage it became apparent that this 
model of evaluation was not entirely suitable for the 
task at hand, for a number of reasons. Firstly, it 
became obvious that the questionnaire terminology 
contained 'jargon* that many teachers did not fully 
understand. In particular, many teachers failed to 
distinguish between the 'system' software and the 
'database' information (both, after all, were stored on 
a floppy disc). As a result, many of the comments 
returned on the questionnaires referred to omissions or 
errors in the data being interrogated rather than the 
problems caused by the interrogation system.
Secondly, many teachers failed to respond at all to the 
questions concerned with system weaknesses and 
improvements. Possible reasons for this were suggested 
by a return from teacher 12 who, in response to a 
question concerned with the problems that arose because 
of limitations in the interrogation facilities, 
commented simply that he was 'Still coming to terms with 
what is possible!' In a later interview the teacher 
indicated to the writer that it was not so much the 
hardware but the complexities of the software with which 
he was unfamiliar. He further commented that he was 
also striving to come to terms with the teaching 
possibilities for which the system seemed to have
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potential. As a result of this and similar comments it 
was concluded that many teachers did not feel in a 
position to make suggestions regarding the system's 
development. This problem had been recognised in other 
computer-related development work, and was highlighted 
by the following quote from a design proposal for a 
pilot project on the use of computers at the University 
of Exeter:
"Discussions within the Faculty of Arts during 
the last twelve months have revealed a 'Chicken 
and egg' kind of dilemma. Because very few 
teachers or students have any experience of using 
computers, they have great difficulty in deciding 
whether or not it is worth making the effort of 
trying to use them and, if so, understanding
which kind of applications are likely to provide
most benefit."
(University of Exeter, 1984)
Thirdly, even when teachers commented on possible 
improvements to the system it was evident that they were 
only able to comment on relatively minor irritations 
rather than on possible improvements to the system's 
structure. For example, a number of teachers commented 
on the choice of the 'default colours' (the colours used
automatically by the system if the user did not specify
otherwise). Whilst such comments were useful in 
improving the superficial appearance of the system, they
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were not critical of the system at the level desired by 
the writer.
Fourthly, of the questionnaire responses that referred 
to limitations in the system software, nearly half 
reflected the fact that many of the teachers using the 
system were not completely familiar with its operation 
or with the nature of the computer itself. Thus, for 
example, teacher 6 commented that 'Black - colour 0 - 
does not show on our screen.' - when the system had been 
designed deliberately such that black did not show on 
the screen. Similarly, on a questionnaire return from 
teacher 15 was the remark, 'Scale on cross sections 
shows excessive vertical exaggeration.', but a facility 
was already provided on the system for changing this 
parameter. It was felt that these comments were a 
reflection of the system's complexity. However, 
although such comments were useful in the design and 
development of the accompanying documentation, they were 
of no use in terms of the system's development.
Finally, it became apparent through lesson observation 
and through the more detailed information provided in 
the case studies that some of the problems that arose 
from the system's behaviour were perceived by teachers 
not as difficulties that could be overcome by more 
careful design of the system, but as problems that could 
be solved by the teachers themselves. For example, 
teacher 6 commented that he found the attention of the
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class tended to wander during the fifteen seconds or so 
that it took the system to draw maps. However, he did 
not list this as a problem that arose because of 
limitations of the system, but saw it as a failure on 
his part, overcome in a subsequent lesson through more 
careful preparation. Indeed, many such system 
limitations were not seen by teachers as problems at 
all, although such 'problems* often suggested major 
areas for improvement to the writer.
For these reasons it was necessary to extend the model 
for system evaluation. It was felt that the problems 
indicated above would be overcome if the 'perception 
gap' that persisted between the writer and teachers 
could be narrowed. This hypotheses led to the design of 
a further aspect of the evaluation strategy in which the 
writer became more actively involved in the feedback 
process. This new aspect of the model involved the 
following steps:
(a) Possible areas for system improvement were 
identified.
(b) Suggestions were put to teachers by the writer 
regarding possible changes to the GeoBase system.
(c) Teachers were invited to discuss the suggestions in 
view of their previous experiences with the system.
(d) If the feedback was encouraging, the suggested 
changes were implemented (or, if time did not permit 
implementation, they formed the basis for
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recommendations for the system's extension),
(e) The changes thus made were further refined (or
later omitted) according to responses received as a 
resultof the standard method of 'feedback 
evaluation' described above.
This differed from the initial feedback model in terms 
of its structure and also used a different method of 
identifying system weaknesses. Often such weaknesses 
were identified by an analysis of questionnaire returns, 
but attention was focussed as much on those questions 
dealing with teacher and pupil activities as on those 
specifically designed to highlight system weaknesses.
7.3.2 A model for classroom evaluation 
As mentioned above, the general aim of the 'classroom 
evaluation' of the GeoBase system was to assess the 
effectiveness and validity of using such a spatial 
database resource for teaching geography in the 
secondary school. The objectives of this part of the 
evaluation were therefore primarily educational in 
nature, less concerned with the GeoBase system's 
performance than with the interactions that developed 
between the components of geography teaching as a result 
of the system's use.
Many of the problems associated with the 'system 
evaluation', described above, were a result of the 
non-expert nature of those participating in the trial.
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However, since the objectives of the classroom 
evaluation were educational, similar problems did not
arise. The main implication of this was that the writer
was able to draw more heavily on the comments made by
teachers as to the educational value of using the
system. In addition it was found that an analysis of 
teacher and pupil activities and attitudes proved to be 
particularly enlightening.
The classroom evaluation was structured in the sense 
that attempts were made to ensure that many uses of the 
system were highlighted, as has already been mentioned. 
However, in addition to investigating the specific 
objectives it was also hoped that the exercise would 
serve to illuminate points of wider interest. In a 
sense the classroom evaluation was more truly summative 
in nature than the (more developmental) system 
evaluation, and indeed the writer felt that there were 
sufficient grounds to make some comparative judgements 
even though these were based on subjective evidence.
The next two chapters look at the results of the two 
main threads of evaluation outlined above, namely that 
of the system's technical effectiveness and its 
classroom use.
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No. Age range experience Training School Position
1 C D D 11-16 HoD
2 A B C 11-18 HoD
3 B C D 11-18 HoD
4 B D D 11-18 Sc 1/2
5 A C D 11-18 Sc 1/2
6 B C D Tech. Lee
7 B C C 11-18 -
8 C B C 11-18 HoD
9 B D B 11-16 Sc 1/2
10 A C B 11-16 Sc 1/2
11 B A B 11-18 HoD
12 A D C 11-18 Sc 1/2
13 B D C 11-18 Sc 1/2
14 A C B 11-16 Sc 1/2
15 C C C 11-18 Sc 3/4
16 B B D Univ. Lee
17 B A D 14-18 HoD
18 B C D 14-18 Sc 3/4
19 C D D 11-18 HoD
20 A D B 11-18 Sc 1/2
21 B B D Tech. Lee
22 B C C 16-18 Lee
23 B B D Univ. Lee
24 C D C 11-16 HoD
25 B B D FC Dep.Warden
26 B D B 11-16 Sc 1/2
27 B D B 11-16 Sc 3/4
28 C C B 11-18 Sc 1/2
29 A B B 11-16 Sc 1/2
30 A C B 11-18 Sc 1/2
31 A D C 11-16 Sc 1/2
32 C C B 11-18 Sc 3/4
33 B D B 16-18 Lee
34 B D B 11-18 HoD
35 B C B 11-16 Sc 1/2
36 B C B 11-18 HoD
37 A B C 11-18 Sc 1/2
38 B D B 11-16 Sc 1/2
39 B C B 11-16 Sc 1/2
40 17 D D pupil
41 16 D B pupil
42 16 D B pupil
AGE: A 22-30 ; B 31-40; C 41 + . EXPERIENCE: scale of
D to A in increasing degrees of experienced in
computer assisted learning prior to using GeoBase. 
TRAINING: scale of D to A in increasing degrees of 
formal instruction recieved in the use of the GeoBase 
system. POSITION: HoD Head of Department; Sc 1/2 
scale 1 or 2; Sc 3/4 scale 3 or 4 but not HoD; Lee 
Lecturer; Dep.warden Deputy Warden. SCHOOL: Age range 
indicated or Univ. University; Tech. Technical 
College; FC Field Centre.

















































LEVEL OF EXPERIENCE: teacher's level of experience, 
assessed on a scale of A (very experienced) to D (little 
or no experience).
* database prepared by user




The aims of the 'system evaluation' of the GeoBase 
system were twofold. Firstly, it was hoped that as a 
result of the evaluation the system could be developed 
to a state of 'robustness' - not only in the programming 
sense (in that it contained few or no errors), but also 
in the sense that it should be a 'useable* resource, one 
that would not cause unnecessary difficulties or 
frustrations for those that would in future use it. 
Secondly, it was hoped that the evaluation would 
highlight areas of the system's performance which would 
be worthy of further research and development, although 
time would not permit their full evaluation as part of 
this research.
This chapter describes the results of the system 
evaluation in three parts. In the first part, some 
instances of the kinds of modifications made to the 
system are highlighted. The second part details two 
major recommendations for further research into the 
GeoBase system's development. Finally, a short section 




For reasons of space this section cannot hope to contain 
information regarding all the system modifications that 
were made during, and as a result of, the system 
evaluation. Instead, discussion is focussed on those 
points that serve to highlight either the techniques of 
evaluation developed, or particular features of the 
system that may prove useful in future software 
development.
8.1.1 Minor system changes
Bearing in mind the complexity of the GeoBase system it 
was expected that many small changes would arise as a 
result of the system evaluation. Some of these changes, 
it was thought, might arise from errors in the 
programming of the system itself. However, the system 
had been extensively 'debugged* prior to its school 
trials, and very few changes of this nature were made. 
The majority of the minor changes to the system were a 
result of comments made by teachers regarding the 
presentation of maps and diagrams and the wording of 
textual information displayed on the screen. These were 
the sort of changes for which the standard feedback 
evaluation was designed, and indeed the need for the 
many of these minor changes was identified from 
questionnaire returns.
Since many such changes were made to the system over the 
trial period it would be unreasonable to list these
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here. However, one example will serve to illustrate the 
level at which these changes occurred.
At an early stage of the trial, teacher 7 demonstrated 
the GeoBase system to an *0* level class of eighteen 
pupils. He used the Purbeck database (appendix B.1) to 
'compare rocktype with landuse and altitude', using maps 
and cross sections to emphasise areas of correlation. 
However, he noted in the return for question 8(i) of 
questionnaire Q2 (appendix A.3) that 'Students at the 
back had trouble identifying different classes.' From 
the teacher's viewpoint, the solution to this problem 
involved reconsidering the layout of the class in 
relation to the computer screen, and his return for 
question 8(ii) stated simply 'rearranged class'. Thus 
the teacher did not record this as a disadvantage or 
limitation of the software, but listed it as a 'class 
management' problem. However, from the writer's point 
of view, this problem had two possible causes. Firstly, 
the problem might have arisen as a result of a poor 
quality television or computer monitor. Secondly, it 
may have been caused (or aggrevated) by lack of adequate 
planning on the part of the teacher, who failed to 
consider the plight of those children at the back of the 
class.
Although neither of the problems mentioned could be 
rectified by system modifications, the writer had to 
consider the possibility of changing the shading
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patterns so that the distinction between successive 
patterns was made more clear. The question was 
therefore asked, could the shading patterns be improved 
without compromising the system's general efficiency (in 
terms of speed and memory requirements)? A detailed 
consideration of the shading patterns revealed that such 
an improvement could be made without excessive 
inconvenience in terms of programming time; the solution 
lay in reversing alternate hatching patterns and took 
only two days to implement.
This example was typical, in a number of respects, of 
many such minor changes made to the system during the 
trial period. Firstly, neither the problem nor the 
solution arose directly from teachers' comments. That 
is to say, teacher 7 did not remark that 'the shading 
patterns are indistinct' or that 'the patterns could be 
improved by ...'. Rather, the problem was identified as 
a result of an analysis of teacher comments, and the 
solution from an analysis of the system. Secondly, the 
problem was identified from the comments of only one 
teacher. In fact, few changes arose through what might 
be termed 'popular demand'. Thirdly, it was a 
modification that represented an improvement in theory, 
but the success of the modification could not be 
objectively tested within the bounds of the reseach 
design. This last problem was highlighted by the fact 
that, whilst all teachers were provided with a copy of 
the new version, none were able to identify the area of
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change until it was pointed out by the writer. However, 
it was the writer's view that this did not imply that 
the change was insignificant - it represented a genuine 
enhancement of the system's and power and flexibility.
8.1.2 A new low level control structure 
The importance of devising a 'user-friendly' method of 
control for the GeoBase system was emphasised in chapter 
6 of this thesis. The control structure had to take 
into account the ease of use of the system whilst 
maintaining the system's flexibility. As a result of an 
analysis of the likely needs of both the system and its 
users, and drawing on the experiences of other software 
developments, it was decided to employ a 'promptline' 
method of low level control whilst using menus to allow 
the user to select major utilities.
However, at a very early stage the trials revealed a 
number of problems with this method of control. Unlike 
the problems leading to minor changes described above, 
these problems did not emerge from an analysis of 
questionnaire returns, but became apparent mainly during 
in-service courses designed to instruct teachers in the 
use of the system. These were excellent opportunities 
for evaluating the 'user-friendliness' of the system, 
since they enabled the writer to observe the progress of 
teachers who were unfamiliar with the system's 
operation. Furthermore, the participants of such 
courses were often a mixture of those who had used
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computers previously and those who were completely 
noviciate. It was felt that if the system was to be 
widely adopted then teachers with various levels of 
experience should be able to quickly understand its 
operation. It also seemed reasonable to suppose that 
any problems that were met by teachers in coming to 
terms with the system would also be met by pupils, and 
therefore the progress of teachers in such in-service 
courses was carefully analysed.
Three major problems of the system's control structure 
were identified as a result of such observation.
Firstly, it was noted that the mixture of menus, 
promptlines and prompts was confusing for some teachers. 
Many teachers, for example, had difficulty in deciding 
whether the computer expected the user to press a single 
key (in response to a menu or promptline) or to type a 
variable name or subset definition (in response to a 
prompt for textual information).
Secondly, it was felt that the promptline control 
structure did not aid teachers' flow of thought as they 
were attempting to produce a particular display. It 
seemed that many were unable to arrive at a definate 
strategy for drawing diagrams such as maps, not knowing, 
for example, whether to select the colour before 
choosing the variable to be mapped or vice versa. This 
was a purely subjective impression gained by the writer 
in observing many teachers over a period of time.
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However, the possibility that the control structure was 
not ideal in this respect had to be considered.
Thirdly, it became very clear that the key letters 
associated with commands were not sufficiently mnemonic. 
This was particularly apparent when teachers wished to 
change the colour of a map: 'should I press 'C ' for 
Colour, or does 'C ' Clear the screen?* was a frequent 
question. However, even where key letters did not 
'conflict' in this way, teachers had to refer to the 
'drivechart' constantly (that is, the chart giving the 
key letter corresponding to each command) and it was 
felt strongly by the writer that this tended to distract 
teachers' attention unnecessarily.
In general it was felt that these problems did not apply 
to the same extent to the data management facilities. 
There were less 'options' to learn when entering data 
and, perhaps more significantly, the data management 
utilities required frequent use of just three of four 
keys (with the other options used but rarely) and thus 
teachers seemed to have less trouble in employing these 
utilities. However, because of the problems described 
above it was felt that an attempt should be made to 
design a new low level control structure for the data 
interrogation facilities.
The major principle behind the design of the new control 
structure was that teachers should be able to understand
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it with a minimum of training. In order to achieve this 
it was felt that the control keystrokes should be more 
of a aid to memory than were the promtlines that were 
currently in use. For this reason it seemed sensible to 
consider the possibility of using or adapting the 
'command* structure described in chapter 6 and employed 
by a number of established software publishers such as 
AUCBE and the Computers in the Curriculum project. This 
structure was thought to be appropriate because it used 
English-like words - if these were sensibly chosen, they 
ought to be suitably mnemonic. Certainly it would 
overcome the problems of distinguishing commands that 
had the same first letters; for example, to clear the 
screen the user might type CLEAR, whereas to select a 
colour would require a keyword such as COLOUR.
However, one of the difficulties associated with such 
control structures is that they required good typing 
skills, and because of the amount of typing needed in 
order to enter a command the structure was susceptable 
to typographical errors. Thus a decision was made to 
allow abbreviations to be used in place of keywords.
For example, *0.» could be used in place of 'COLOUR*. 
This, it was felt, would not only reduce the possibility 
of typographical errors but would also be a major time 
saving device, particularly for those who were not good 
typists.
As a further aid, the keywords were designed so that
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they could be typed in upper or lower case - or a 
mixture of both. In terms of programming this was a 
simple task; and yet too often the writer observed 
programs in which this simple expedient had been 
ignored.
It was also recognised that the keyword structures used 
in such programs as MicroQuery tended to break-up the 
user's flow of thought, for the same reason as did the 
promptlines used in the GeoBase system. In such systems 
it was necessary for the user to enter the parameters 
that described the nature of the output required before 
instructing the system to output a result. For example, 
to obtain a printout from the MicroQuery system it was 
first necessary to enter the command that specified the 
presentation of the output required, usually by entering 
a command such as:
FORMAT 2
When the computer had processed this command (taking a 
few seconds) the user could then enter the command that 
told the system what it was to output:
GO 16
It was felt by the writer that the delay between 
entering the two types of command was an unnecessary 
irritation, and therefore a number of psuedo-commands
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were devised in order that teachers could enter 
sequences of commands. Three such commands were 
designed. Firstly, the keywords WITH and USING were 
provided in order that teachers could add parameters of 
presentation together with the command that drew the map 





the user could now enter a single command, either 
MAP ALTITUDE WITH COLOUR 2, CLASSES 7
or
MAP ALTITUDE USING COLOUR 2, CLASSES 7
The two psuedo-commands WITH and USING were deliberately 
designed to have the same effect. Initially it was 
intended that, after a short trial period, one of the 
two commands would be omitted according to the results 
of the system evaluation. However, it emerged that both 
were used, some teachers preferring WITH, some 
preferring USING, and even some using both depending on 
the context.
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However, it was envisaged that problems would occur (of 
a technical programming nature) if users were to enter 
'nonsensical* commands such as
MAP ALTITUDE WITH CLEAR
(This is logically incorrect. It would, at best, lead 
to a map being drawn which would then be immediately 
cleared or, at worst, to a system error.) Therefore a 
third psuedo-command, THEN, was designed so that users 
were given a means of specifying the order in which the 
commands that were typed-in should be executed. In this 
way the command above could now be entered as
CLEAR THEN MAP ALTITUDE
Thus a command structure was implemented that involved 
facilities for (a) abbreviations and (b) 
psuedo-commands. From further observation of teachers 
using the new control structure it became clear that the 
psuedo-commands were particularly useful. Almost all 
users, including those who had experienced the old 
control structure, found it convenient to enter the 
command parameters after the command itself using the 
keywords WITH or USING. The psuedo-commands allowed 
users to issue commands that consisted of sequences of 
keywords building a natural command 'unit', in a sense 
similar to the way in which sequences of words make up a 
sentence of the English language. Furthermore, it was
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noticed that teachers were much quicker to learn the 
keywords, particularly those that were frequently used 
such as CLEAR, MAP, COLOUR, SHADE and PATTERN. In this 
respect it was significant that the writer was later 
able to train teachers in the use of the system without 
providing users with a list of the keywords or their 
effect. Indeed it was felt that lists of keywords (many 
of which were concerned with 'cosmetic* features such as 
the background colour of the screen) acted as a 
distraction for those teachers who were learning to use 
the system for the first time.
Of course, changing the control structure demanded that 
changes were also made to the GeoBase system manual. In 
order to help users compose command 'sentences' it was 
felt that some guidance should be given in the manual 
regarding the 'rules of the grammar'. Thus it was 
necessary to define groups of keywords within the 
vocabulary and the rules that determine the ways in 
which they might be connected. In this respect it was 
found helpful to define two main groups of keywords, DO 
commands and HOW commands; the DO commands included 
those keywords that caused the computer to carry out an 
operation that involved output, such as drawing a map or 
constructing a cross section, whilst the HOW commands 
were those that provided instruction to the computer as 
to the form of the output (its colour, the number of 
classes, and so on). The grammatical rules could then 
be easily defined:
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(a) A sentence consists of zero or one DO command, 
followed by zero or more HOW commands separated from 
the DO command (if one is included) by WITH or 
USING.
(b) Zero or more sentences may be joined to form a 
multiple sentence command (termed a 'command line*) 
by separating sentences with the word THEN.
(In actual fact, the language was designed so that a 
number of different sentence constructions were 
acceptable to the system's command-line interpreter.
This was to allow for differences in the ways in which 
teachers understood the language. For example, the 
system was designed so that the following three command 
sentences would be interpreted in an identical fashion:
MAP ALTITUDE WITH COLOUR 2 
MAP, WITH COLOUR 2, ALTITUDE 
WITH COLOUR 2, MAP ALTITUDE
However, it was thought that a consistent approach to 
sentence construction was advisable, and hence the rules 
above were devised.)
Finally, it was decided to form a special group of 
keywords consisting of those commands that provided 
information about the system or the current database. 
These were termed the INFORMATIVE commands, and were
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exceptions to the general rule in that they caused the 
system to produce output - that is, they were DO 
commands - but had no HOW parameters, and were 
therefore sentences in themselves.
It was found that few teachers needed to 'learn* the 
grammatical rules in order to use the new command 
structure, but many found the distinction between the DO 
and HOW commands useful in terms of understanding how 
the system worked. For this reason it was decided to 
restructure the manual, the commands being listed under 
the headings DO, HOW and INFORMATIVE rather than in 
alphabetical order.
It should be noted, however, that the implementation of 
the command language control structure demanded much 
time and effort in terms of design and programming. 
Nevertheless, although much of the evaluation of the 
command language was based on subjective judgements and 
observations, the writer arrived at the conclusion that 
this time and effort was well justified and would 
strongly recommend that it be used in future wherever 
appropriate, and particularly were the software is 
complex and demands many skills of the user.
8,1,3 Changes to the documentation 
It has already been mentioned in chapter 7 that 
'distant' participants in the trial were encouraged only 
where they showed real interest in participating in
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system trials and were prepared to return reliable and 
regular reports. Despite this, reports from distant 
participants were, initially, disappointing, both in 
terms of their frequency and their content.
The major difference between these teachers and those 
who were contacted locally was that many of the latter 
had received tuition in the system's use from one or 
more members of the research team, either informally or 
as part of an in-service training course. This 
suggested that the paucity of the reports from distant 
participants resulted from the fact that they were 
unable to come to terms with the system's operation.
This suggestion was supported by the comments that 
appeared on those reports that were forthcoming. Many 
of these comments indicated that the teacher concerned 
had not understood the nature of the system's operation 
at a fairly simple level. For example, teacher 18, who 
was recruited after she had followed-up an article 
appearing in a teacher's geographical magazine 
(Ferguson, Hones and Richards, 1983), noted that 'when 
maps were superimposed, the keys were confusing'. This 
comment highlighted two misconceptions, the first being 
that choropleth maps cannot normally be superimposed 
(whether or not they are 'computer' maps) and the second 
being that a KEY command was provided in order that 
over-lapping legends could be avoided.
In interviewing those teachers that had not received
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tuition in the GeoBase system's use it became apparent 
that the main reason for their difficulties arose from 
the fact that the GeoBase system's user manual was an 
inadequate medium for introducing teachers to the 
system. Two major points emerged in this respect. 
Firstly, although the manual was divided into sections 
which could be read in isolation, teachers felt that it 
was still too complex. Partly, it was felt, this was 
due to the fact that the interrogation commands were 
listed in alphabetical order, and thus the more 
important commands did not 'stand out'. Secondly, 
teachers felt that the manual was too big, both in terms 
of its sheer physical size and in terms of the scope of 
its content. This certainly discouraged teachers from 
reading it cover to cover, but it also seemed to 
discourage teachers from using it as a guide to 
experimenting with the system in a 'hands-on' situation.
Nevertheless, those teachers who learned to use the 
system generally felt that a comprehensive manual, 
containing all the information they were likely to need 
then and in the future, was essential. However, the 
experiences of those teachers who were isolated from the 
research team indicated that one or more smaller 
'introductory' booklets would be a major aid for 
noviciate users, and for this reason two small booklets 
were designed, the first covering the interrogation 
utilities and the second covering the creation of 
databases.
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The first introductory booklet, entitled 'Using 
Databases' was designed to take the new user 
step-by-step through the system's commands, giving 
particular emphasis to those commands that would be used 
most frequently. In addition, the introduction of each 
new command was accompanied by a specific example of its 
use, consisting of a command that could be typed in 
together with a diagram showing what the computer would 
produce as a result. This, it was hoped, would help to 
build up teachers' confidence and proficiency in stages. 
The second booklet, entitled 'Making Databases', not 
only covered the data management facilities but also 
took the user through an example of the sort of design 
problems that might occur, and showed how these could be 
used to advantage in classroom teaching.
Although there was insufficient time to evaluate fully 
the effectiveness of the 'Making Databases' booklet due 
to the fact that the process of database creation was 
inevitably time-consuming, the 'Using database' booklet 
proved of great value even for those teachers who had 
previously used the system, and served as a successful 
introduction to the system's complexity for those who 
had not. Both the 'Using Databases' and 'Making 
Databases' booklets are provided as an adjunct to this 
thesis.
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8.2 Recommendations for system extensions 
The purpose of the system evaluation was to identify the 
weaknesses of the GeoBase system and to implement 
modifications that would result in an improved system, 
and hopefully one that was more useful in the geography 
classroom. However, it was not possible to implement 
some of the modifications, even though they were 
recognised as being both educationally desirable and 
technically possible. These desired changes had two 
characteristics :
(a) they were not essential to the system's effective 
use in the classroom (as will be demonstrated in the 
following chapter), and
(b) they would take a considerable amount of 
programming time and, bearing in mind the priorities 
of the project, this time could be ill-afforded.
These changes were therefore submitted as 
recommendations for the system's future development.
Two major recommendations are described in detail below. 
However, it should be noted that both of these concerned 
changes to the system as it was used in trials. 
Deliberately, no attempt was made by the research team 
to investigate new forms of representing spatial 
information (such as three-dimensional displays) since 
it was felt that such an investigation lay beyond the 
scope of the present project.
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8,2.2 A new high level control structure 
The high level control structure of the GeoBase system 
was based on a sequence of 'menus' from which the user 
could select the major applications programs. 
Specifically, the GeoBase system was designed to employ 
a two-level menu structure. At the top level, the Main 
menu provided a gateway to two second level menus, which 
in turn provided access to the data management and data 
interrogation utilities. This structure, it was felt, 
not only provided a flexible method of controlling the 
major options within the system but also provided a 
sound basis for the classification of the system's 
utilities.
In general it was found that these menus satisfied their 
aims in the sense that teachers had no difficulty in 
controlling the system at the higher levels. However, 
two problems with the data interrogation menu became 
apparent during the system evaluation. Firstly, in 
questionnaire returns a number of teachers indicated 
their frustration at being unable to show lines of cross 
section on a mapped variable alongside the cross section 
itself. This was not possible because the cross section 
utility could only be accessed from the maps utility by 
first returning to the data interrogation menu (which 
cleared the display on the screen).
Secondly, it became clear that many of the classroom 
uses of the GeoBase system required access to more than
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one of the interrogation utilities. For example, in a 
short (five minute) whole-class introduction teacher 1 
used all three interrogation utilities, and over 60 per 
cent of lessons involved at least two different 
interrogation utilities. Since the process of returning 
to the data interrogation menu and selecting a new 
utility took about 15 seconds, it was clear that much 
time was being wasted as a result of changing utilities.
It was therefore concluded that the system would be 
improved if the main interrogation utilities could be in 
some way combined to produce a 'super* utility. This 
would certainly be desirable from an educational 
viewpoint. Users could select any of the major 
interrogation facilities (mapping, sectioning or 
statistical representations) without the frustration of 
returning to a menu each time a different display was 
required. Furthermore it would, in theory, allow 
teachers to directly compare different methods of data 
represention. Thus, for example, teachers could use the 
mapping facility to draw a map of, say, rocktype, 
superimpose on it a line of section, and finally use the 
section facility to draw the indicated cross section - 
all on the same computer screen.
The writer also felt that this new high-level structure 
was technically possible. It would need to involve an 
independent command language interpreter which itself 
accessed the various utilities in a way that would be
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transparent to the user. This would, inevitably, be 
slower in operation than the current system (in which 
each utility had its own command-language interpreter) 
but it was felt that this disadvantage was out-weighed 
by the advantages that would accrue. However, for 
reasons of time it was not possible to implement this 
new high level control structure, and hence it formed a 
major recommendation for the future research and 
development of the system.
8.2.3 A pre-programming facility
In analysing the approach taken by teachers in preparing 
lessons and exercises using the GeoBase system a general 
pattern became apparent. This pattern was characterised 
by two activities. Firstly, it was noticed that many 
teachers used a form of 'crib-sheet* as an aid to 
demonstrating the GeoBase system to classes of pupils. 
For example, teacher 40, in reporting on a lesson in 
which he discussed the relationships between rocktype 
and altitude and drawing on examples from the Purbeck 
Datadisc (appendix B.1) remarked:
"To aid my confidence in demonstrating the 
GeoBase system ... I kept a sheet of simple 
instructions beside me. Following these 
instructions, I then built up the map of the Isle 
of Purbeck outline, then the rocktype and finally 
the rivers. This was important in that the 
pupils could understand and follow the build-up
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of the map ... I found that the simple list of 
instructions that I had prepared were enough to 
stop me worrying that something might go wrong."
Secondly, in analysing pupil worksheets returned by 
teachers with their questionnaire returns it became 
apparent that many teachers found it advantageous to 
include GeoBase commands amongst the questions and tasks 
set, as the following excerpts demonstrate:
"ENTER clear (press RETURN)
ENTER shade population = top with pattern 1 
(then press RETURN)
What % of india has a high density of 
population?"
(teacher 2)
"type MAP ORIGINOFBIRTH WITH CLASSES 6, COLOUR 2 
(RETURN)
Question 1 Which areas have the greatest % of 
New Commonmwealth/Pakistan immigrants? Explain." 
(teacher 6)
"TYPE - MAP ALTITUDE WITH CLASSES 3
Is there any clear link between settlement and
altitude?"
(teacher 1)
Clearly, the fact that teachers had to plan the commands
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that were to be used in advance of the lesson is not a 
problem per se. However, each command that was entered 
took a certain amount of time in order to type it, and 
in a sense this time was redundant in terms of teaching 
geography. Furthermore, computers have many attributes, 
one of which is that they are able to store and remember 
information - and the commands entered by teachers and 
pupils were no less a form of 'information* than were 
the databases being interrogated and created using the 
GeoBase system.
For these reasons it was felt that a 'pre-programming* 
facility would be a desirable attribute of the system.
On the one hand it was desirable from an educational 
viewpoint (in terms, at least, of geography teaching).
On the other hand, it was felt that to discard such a 
facility would be to underplay the potential of the 
microcomputer.
Such a pre-programming facility could be implemented, it 
was felt, if the database system could be designed to 
allow users to set up a number of pre-determined 
sequences of commands. One way of approaching this 
would be for users to 'teach* the database system a new 
command. For example, a teacher might teach the system 







- clear the screen
- display a map of rocktype
- pause for 10 seconds
SHADE ALT GT 400 - highlight the high ground
MESSAGE "Is there a relationship between high 
ground and rocktype?"
- pose a question
Instead of instructing the pupils to type in the list of 
individual commands (as in the worksheets above), the 
teacher would then merely have to instruct the pupils to 
enter 'QUESTI0N1*. This would considerably reduce the 
amount of time taken by pupils in entering commands.
Such 'macro commands' would also help those teachers 
who, previously, designed crib-sheets in order to 
structure their expositions in which the computer was 
used as an 'electronic blackboard'. For example, the 








- clear the screen
- wait for a keypress
- map rock type
- wait for a keypress
- draw drainage patterns
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enter the command 'DEMONSTRATE', The computer would 
then take over, pausing at intervals (where the teacher 
had entered the command 'INKEY* above). At each stage 
of the exposition the teacher would press a key on the 
computer's keyboard and the next display would appear.
It was felt that the use of macro commands would add one 
further dimension to the use of the GeoBase system. By 
inluding a repeat facility, it would be possible to 
design 'film loops' of maps and diagrams. For example,
REPEAT 100 QUESTI0N1
might cause the macro command defined above to be 
repeated 100 times. This could be useful for displays 
in classrooms or during parent's evenings and so on.
The macro command facility was typical of ideas for 
system modification that arose from the second model of 
feedback evaluation described in chapter 7> in a number 
of respects. Firstly, it did not arise from a 'problem' 
that was met by users, but was suggested by an analysis 
of the activities of teachers and pupils. The fact that 
teachers did not recognise it as a problem may have 
reflected, to a large extent, the general lack of 
computer expertise and awareness amongst the geography 
teaching profession, as a result of which they failed to 
recognise the potential for using the computer's unique 
power. The writer must immediately emphasise that this
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is not a criticism - the trial teachers were, after all, 
more concerned with teaching children, and in fostering 
good geographical practices, and rightly so. Secondly, 
all the teachers who were interviewed on the possibility 
of including a pre-programming facility expressed their 
enthusiasm for the idea once they were made aware of it 
(many making remarks of the form 'very useful - but is 
it possible?').
8.3 Conclusions regarding system evaluation 
As described in chapter 7, the system evaluation 
initially employed a method of 'feedback evaluation' 
that changed in nature, as the trials progressed, to one 
which involved careful analysis of teacher and pupil 
activities and a more active role on the part of the 
evaluator. The end result was a system which, it was 
hoped, was in a state of preparedness for publication - 
'robust* in both its structure and its presentation.
The GeoBase system, Purbeck Datadisc, User's Guide, and 
two introductory booklets are provided in an adjunct to 
this thesis.
However, even as a 'final' version was being prepared, 
so it was possible to make recommendations for the 
further development of the system. The system should 
thus be viewed not as a static resource but as one 
which, given sufficient investment in terms of research 




The general aim of the classroom evaluation of the 
database system was to consider the effectiveness and 
validity of using a spatial database resource for 
teaching and learning geography in the secondary school. 
This was tackled from two viewpoints. Firstly, the 
effectiveness of the system was considered in terms of 
the interaction between the system and the teachers that 
used it. Secondly, the effect of the combined forces of 
the system and the teacher were considered in terms of 
the quality of learning that arose,
9.1 Approaches and attitudes to teaching
The writer felt that the effectiveness of the spatial 
database system's use would depend to a large extent on 
the attitudes and approaches taken by the teachers who 
would use it, but it was hoped that it would not be 
effective only when tied to a particular teaching style 
or geographical context. Therefore it was important to 
assess the system with a variety of teachers in 
differing situations and to relate the qualities of the 
system to the effectiveness of the teaching activities.
9.1.1 Classroom management and pupil activity
One of the most important considerations that was borne
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in mind in designing the present system (one, it was 
hoped, that would be used by many teachers in a variety 
of situations) was that the system should be flexible, 
and that it should not impose a particular teaching 
method or style upon teachers. Many of the computer 
programs described in chapter 2 fell into the trap of 
being effective only if the teacher followed a 
particular approach, but GeoBase has been designed to 
avoid this. It was important, therefore, to consider 
the results of the trials of the system in terms of the 
system's ability to support various types of activities 
involving the use of microcomputers in classrooms.
As part of the process of evaluating the system's use in 
secondary school classrooms it proved valuable to 
consider its role in terms of a number of established 
models dealing with the uses of computers in the 
geography classroom. The use of these models as a basis 
for assessment led to a number of important conclusions 
regarding the effectiveness of the system, and the 
interaction between teachers, pupils and the GeoBase 
system. Two such models were chosen. Both were widely 
accepted by educationalists in the field of geographical 
computing. However, they were chosen here because they 
dealt with different aspects of classroom teaching.
More specifically, the first model was concerned 
primarily with modes of classroom management, whilst the 
second dealt with the interactions that arose as a 
result of using the computer in the classroom.
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9.1.1.1 Modes of classroom activity
Models of the use of microcomputers in the classroom 
have been described by, amongst others, Wiegand (1984) 
who distinguished three types of lesson organisation and 
class management: whole class teaching, group work and a 
'cafeteria* system. Although these can all take place 
within the same lesson they have certain predominant 
features that would appear to make different demands on 
using the GeoBase system. The main features of each 
category are summarised as follows:
(a) Whole-class teaching. In this format the teacher 
uses one microcomputer in conjuntion with one or 
more visual display units. Quite often at least one 
of the display units is a large screen (a television 
or large colour monitor). The microcomputer is 
often at the front of the class so that it can be 
operated easily by the teacher who nevertheless 
maintains his position of authority near the 
blackboard, Wiegand quotes the chief advantage of 
whole-class teaching as being:
"that it is the style of teaching that most of 
us adopt (rightly or wrongly) most of the time,"
The implication was, therefore, that teachers would 
find this fashion of teaching with computers the 
easiest method as they could accomodate it into
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their usual style.
(b) Group-work. In this methodology one or more 
microcomputers are available; Wiegand suggests that 
frequently 4 or more computers are used depending on 
the size of the class. Groups of pupils are 
stationed around the computers. Wiegand points out 
a disadvantage of this method, namely that with 
large groups (of say five or six pupils) at least 
two or three are almost certain to be 
non-participatory. However, he also points out 
that :
"group-work does enable pupils to work 
cooperatively and does allow the teacher to 
circulate and spend time dealing with each 
group's problems and decisions,"
(c) Cafeteria, Here the class is again organised into 
groups. Several tasks are given to the class only 
one or two of which involve the microcomputer. 
Different tasks to complete during the lesson may be 
allocated to each group, and group members may seize 
the opportunity of using the microcomputer only when 
it becomes available and depending on the group's 
immediate needs. However, Wiegand points out that 
teachers should beware of allowing a situation in 
which pupils queue in order to use the microcomputer 
since time spent in transition will often be time
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wasted in terms of learning geography.
It was possible to categorise the use of GeoBase in 
classroom teaching in terms of these models although it 
was rare for a teacher to use only one of Wiegand's 
models during the course of a lesson. All the lessons 
recorded began with the whole-class method. Many 
teachers took the opportunity at the beginning of the 
lesson to introduce a new aspect of the system or a new 
geographic topic, or to revise previous work - 
frequently this involved the GeoBase system, the teacher 
having control of the keyboard, either directly or by 
proxy. However, the whole-class introduction was more 
often than not simply a precursor to other types of 
classroom organisation. In terms of frequency of use, 
the whole-class model was thus the most popular, with 
the group-work and cafeteria models equal second. 
However, in terms of the time spent for each category 
the group-work model was the most popular. It should be 
noted that this assessment is based on questionnaire 
returns, and these tended to create a bias towards 
group-work. The 'whole-class* method was sometimes used 
by the teacher to illustrate a particular teaching point 
resulting in computer 'on-line* time of only a few 
minutes during a lesson, and some teachers may have 
failed to complete a questionnaire because such a lesson 
might not be associated with 'computer lessons' per se.
A bias against the 'cafeteria' model was suspected for
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similar reasons. This was supported by the fact that 
teacher 20 ran the GeoBase system for a number of days 
continuously, and encouraged pupils to use it to check 
various points that arose as part of their work. Since 
the system was only in use for a few minutes in each day 
he decided not to fill in a questionnaire and the point 
only arose in an interview at a later date.
In considering the use of the GeoBase system in the
light of Wiegand's classification a number of important 
points arose. Firstly, whatever the management model 
used all teachers seemed to prefer, where possible, to 
move the computer to the geography room rather than move 
the class to the computer room. A possible reason for 
this was that the teacher then had access to other 
supportive resources (such as wall charts, atlases, and 
so on). It is also likely that most geography teachers 
and classes felt more comfortable in the geography 
classroom than in the computer room. The writer formed 
the strong opinion that this trend should be encouraged 
since it appeared to help ensure that the attention of 
the class remained focussed on the concepts and contents 
of the geography syllabus rather then being distracted
by the 'technological gadgetry'.
Secondly, teachers who used the group-word model were 
forced by limitations of hardware (specifically, 
limitations in the number of computers) to adapt the 
model to one of 'circus' management. This was achieved
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by designing units of work that did not require the use 
of a computer and incorporating these into the lesson 
content. Of the cases of the circus method recorded, 
two strategies emerged. In the first method, the 
teacher designed a different unit of work for each 
group, with one or more of the units (depending on the 
number of computers) involving access to the keyboard.
At regular intervals during the lesson, all groups then 
rotated through the different units. In the second 
method, only two units of work were designed, one of 
which required computer access whilst the other used 
traditional supportive resources (books, atlases and 
worksheets for example). Groups of pupils were selected 
from the class at intervals to work on the computer.
Note that this second method of organisation was 
fundamentally different from the cafeteria model in 
which it was the pupils and not the teacher who decided 
when to use the computing facilities.
Finally, a point that emerged strongly from this 
research was that there was a slow but recognisable 
movement by teachers from the more highly structured to 
the less structured teaching methods. Four teachers 
(4,12,15,26) started by using the system to illustrate 
short teaching points to the whole class, but later 
planned lessons involving group work. Teacher 26 later 
progressed to a lesson based on the cafeteria style of 
management. The majority of teachers started with a 
lesson in which a major proportion was group-work based.
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with approximately 40% of these progressing to less 
structured work, including the coordination of 
individual project work outside normal classroom 
activities (discussed in more detail below). Even 
teachers who admitted that their teaching was often of 
the 'more traditional' kind recognised that other 
approaches were possible, even encouraged, using the 
GeoBase system. For example, teacher 1 commented:
"I see the program as being a tool which is 
available in the classroom ... not as the star 
attraction but an accepted way for information to 
be gained. Ideally a pupil could go to the
computer when need for a specific display is
there, as part of an investigation, development 
of a project, or to appreciate a particular 
relationship."
Of the three Wiegand models, the cafeteria system was 
clearly the least structured in terms of pupil activity. 
At its best, this methodology more accurately reflected 
the process of problem solving in the 'real-world*. 
Pupils used the computer as a tool for solving specific 
aspects of a larger problem on which they were working. 
This was one of the major aims of the design of the 
system, but two dangers of using this method of 
classroom management were highlighted by the research:
(a) In certain cases the pupils' limited knowledge of
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the operation of the database system lead to 
frustration on their part. Teacher 26 reported that 
this meant that she spent an unreasonable amount of 
time in coaching groups in the use of the system, 
and attention was thus distracted away from the 
geographical aims of the lesson. However, teacher 
11 overcame this problem by careful lesson 
preparation and, in particular, by careful and 
selective choice of specific lesson objectives. In 
teaching a 4th year class he designed the overall 
lesson plan such that the types of interrogation 
available to the pupils were deliberately restricted 
- allowing them only to use the choropleth and 
subset techniques - thus minimising the number of 
commands that the pupils had to remember and 
understand whilst not imposing burdensome 
limitations on the scope of their investigations.
This seemed to be a sensible approach since it 
meant that the pupils' understanding of the system 
could be built-up in small stages, giving them a 
chance to master certain techniques before 
progressing. Furthermore, it allowed the teacher to 
introduce the new techniques by the whole-class 
teaching method. Other teachers who chose to allow 
pupils to use all of the commands at their first 
attempt found that it was necessary to compile 
worksheets and information sheets in order to give 
the pupils sufficient support. Naturally, this
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required that the teacher spent some considerable 
time in preparing the materials, though teacher 2 
reported that this approach was quite acceptable at 
sixth-form level where it served to give more of the 
responsibility for the system's operation to the 
pupils.
(b) The second danger associated with the cafeteria 
style of class management has been pointed out 
earlier, namely the possibility of the formation of 
'queues' of pupils waiting to use the computer.
This problem has two main facets. Firstly, teachers 
had to ensure that the demand for computer access 
was evenly spread. This meant that tasks had to be 
devised that did not require computer access but 
still formed a meaningful part of the investigation. 
Teacher 11 devised a particularly successful 
solution in insisting that pupils recorded their 
hypotheses and conclusions at each stage of the 
enquiry - thus a visit to the keyboard was followed 
by a session with pen and paper. He also avoided 
avoided a sudden rush for the computer at the start 
of the investigation stage of the lesson by setting 
a preliminary task:
"the first task was for pupils to choose a 
variable from the list provided and justify its 
selection",
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This not only focussed and clarified the pupils* 
thinking but 'ensured that not all pairs of pupils 
would want to be on the machine simultaneously,'
Secondly, teachers had to minimise the duration of 
each visit to the computer. This was usually 
achieved by restricting the boundaries of the 
investigation for each group; in some cases the 
overall class goal was divided into several 
sub-goals each of which was allocated to a different 
group, results being pooled at the end or in a 
subsequent lesson. In addition, the policy of 
allowing only a subset of the interrogation methods 
to be used (mentioned in (a) above) was a further 
strategy for limiting demand for time spent 
'on-line'. Teacher 11 reported that the use of a 
printer was essential in terms of limited access 
time, although of those who had access to a printer 
most did not allow pupils to use it, feeling that 
this would merely add to the time that pupils spent 
in 'hanging around' the computer. To some extent 
the advisability of allowing access to a printer 
depended on the size of the class and the expected 
average 'on-line' time for each group.
Although Wiegand's model provided means of rationalising 
the lessons observed in terms of modes of classroom 
management, it was felt that the model did not address 
the more cognitive aspects of classroom activity.
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Therefore, a second model was used as a basis for 
further analysis, and is discussed below,
9.1.1.2 Teacher-computer-pupil interaction 
The classification of the uses of computers in geography 
classroom suggested by Shepherd (1978) is concerned less 
with classroom management than with teachers' attitudes 
and the way in which the teacher, pupils and computer 
software interact. Shepherd noted that the types of 
relationships that develop between the computer, the 
teacher and the students tended to conform to four 
models :
(a) Gatekeeper, In this role the teacher sees the 
computer as his personal preserve, controlling and 
monitoring pupils' access to it. He may be 
unwilling to allow pupils access to it.
(b) Barrier. Here the teacher uses the computer to 
create a barrier between himself and the pupils, 
isolating himself and using the computer in the same 
way that one might use a film show.
(c) Diversionary. In this model the computer acts in a 
way that diverts the pupils' attention. Walker et 
al. (1980) suggest that this will occur where there 
is 'disaffection with the established curriculum and 
its learning activities, or because the computer is 
seen as an exciting and diverting alternative to
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formal study ... one of the dangers of this 
situation is that students may get trapped in the 
performance of pseudo-educational activities on the 
computer.*
(d) Partner. In this model the computer is seen as a 
partner to both the teacher and the pupils.
In terms of classifying classroom activity Shepherd's 
models proved much harder to relate to the current 
evaluation than Wiegand's, mainly due to the fact that 
the roles of the teacher in the four models are not 
necessarily distinct but can change within a lesson. In 
the present study many teachers changed constantly and 
rapidly between the four models. Nevertheless, it 
helped to provide some useful insights into teacher 
attitudes towards the GeoBase system.
Shepherd proposed the fourth model as being the ideal 
model, in which the computer is seen as a 'partner' in 
the learning process to both teacher and pupil, the 
pupil's learning being aided by the interaction. This 
would seem to be idealistic and not always appropriate 
with different objectives of some software materials, 
variations in hardware configurations and differing 
teacher expertise. For some purposes the Gatekeeper 
method may be considered effective. Teacher 34, for 
example, voiced the opinion that the GeoBase system was 
best used as a tool by the teacher to demonstrate
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particular areas of geography - not so much a partner in 
the learning process as a useful ancilliary such as an 
overhead projector or a sequence of photographic slides.
Thus it is not surprising that cases were observed in 
this research where approaches other than the 'partner* 
model played a useful role. Teachers 5, 11, 21 and 34 
(and possibly others, for reasons mentioned above) used 
the GeoBase system to emphasise single teaching points 
in the course of a normal lesson. Teacher 5, for 
example, used GeoBase with the Purbeck database in an 
almost impromptu fashion to emphasise differential 
erosion, a concept that arose during discussion with 
pupils on weathering processes. Here, GeoBase was used 
in the same way as a wall chart or overhead projection, 
with the teacher controlling both the display and the 
points arising. Attention was focussed on the computer 
display for no more than a minute, or even just a few 
seconds. This reflects the 'gatekeeper' approach used 
at its best, and is a satisfactory way for the computer 
to be used. In actual fact this type of computer-based 
activity was not as widespread as might have been hoped, 
perhaps because it was often unplanned - dealing with a 
point that unexpectedly arose - and hardware was not 
always at hand.
The most important point that arose from Shepherd's 
classification was the danger, mentioned above, 
associated with the 'diversionary' model, and this was
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highlighted by some of the evidence from the current 
research. The danger of allowing the computer to divert 
attention away from the desired lesson objectives seemed 
to occur most frequently in lessons where the teacher 
sought to introduce the GeoBase system to a class, 
either as an isolated lesson or as a precursor to 
organising group-work or individual study. This aspect 
of the approach to teaching with GeoBase deserves fuller 
attention, and is dealt with in detail in the following 
section.
9.1.1.3 Pupil attitudes in introductory lessons 
All but one of the teachers involved in the trial spent 
3 hours or more in preparing their first lesson with the 
GeoBase system. The exception was teacher 8 who 
encouraged a single pupil to become proficient in the 
system's operation (the pupil used the GeoBase system 
over a weekend) and then asked the pupil to demonstrate 
the system to the rest of his class. Furthermore, two 
thirds of the teachers who used the system in the 
classroom spent more than 10 hours in learning to use 
the system before transferring it to the classroom, some 
borrowing the school's computer during vacations in 
order to become familiar with the GeoBase system.
Although this level of dedication may in part have been 
a reflection of the particular sample of teachers, it 
also demonstrated the importance attached by teachers to 
lessons in which a new innovation was introduced to a
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class. However, it was evident from some teacher 
responses that such lessons where not always completely 
successful in terms of the pupils' attitudes, even 
though the lesson preparation had been carefully 
considered. For example, in reporting on a fourth year 
lesson teacher 3 commented that 'children regard 
computers as a play-type lesson', implying that the 
prevailing attitudinal climate was not to his liking.
One of the most enlightening indicators of pupil 
attitude to emerge from the data was the degree to which 
'novelty' was seen by teachers as a factor influencing 
lesson outcomes. The instances where the 'novelty' 
factor was reported fell into two categories;
(a) Intended. In this category teachers consciously 
used the 'novelty' aspect to reinforce or revise 
concepts that were already fixed to a greater or 
lesser extent in the pupils' understanding. For 
example, teacher 3 used the Brasil database 
(appendix B.4) to revise material covered previously 
by other methods as part of a sixth-form syllabus.
In this way the GeoBase system was used to display 
data in a way that was novel in the sense that it 
differed from the presentation that had been used in 
previous lessons. This did not reflect the pupils' 
attitudes, but was a deliberate policy on the part 
of the teacher.
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(b) Unintended, Here, teachers noted that the pupils 
displayed a particular interest in the computer 
itself, and possibly in the software. Teacher 17 
felt that the pupils absorbed the geographical 
lesson content to a greater extent than might 
normally be expected, and hence listed 'novelty* as 
an advantage. However, all other teachers who 
listed 'novelty' as a factor in the lesson (teachers 
3, 5, 7, 9 and 37) cited it as a disadvantage, and 
in general felt that the computer (and possibly the 
software) diverted the lesson objectives in the 
sense that pupils' attention was moved from 
geographical to 'computing' concepts.
For the purpose of analysing pupil attitudes the 
'intended' category was not illuminative. However, it 
was significant that most teachers recognised the 
dangers signalled by 'novelty' where it was an 
unintended outcome, namely that it tended to detract 
from the geograhical lesson content, and that, 
ultimately, the novelty wore off leading to pupil 
disinterest. It might be supposed that this was more 
likely to occur where the lesson objectives were as much 
about 'computing' as they were about 'geography', and 
this is supported by the objective listed by teacher 5 
in teaching a class of twenty five fourth-year pupils:
"To demonstrate the use of computers in 
analysing physical geography data."
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In the questionnaire return for the lesson, he listed no 
advantages of the system, but indicated as a 
disadvantage that the 'kids (were) not very interested'. 
However, teacher 10, again teaching fourth year pupils, 
reported that a lesson with the objective 'to show how 
computers may be used in geography' was quite 
satisfactory, and indicated when interviewed that the 
pupils' interest had been maintained throughout the 
lesson. The evidence thus implied that there was no 
clear relationship between lesson objectives and the 
climate of attitudes within the classroom.
However, a possible cause of pupil disinterest and even 
disenchantment was suggested by a questionnaire return 
from teacher 6. The latter had asked a group of 'A' 
level pupils to review the GeoBase system. The lesson 
was organised around the group-work model, and each 
group in turn was asked to use the system and make 
written notes regarding its flexibility and general 
'user-friendliness'. Although the lesson had several 
useful outcomes from the point of view of system 
development (some of which were mentioned in the last 
chapter), the teacher reported that:
"I had to promote discussion amongst pupils in 
groups (that were) using the computer to maintain 
interest of those not actually using (the) 
keyboard."
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This suggested that 'novelty' and eventual 
disenchantment occurred when the thrust of the lesson 
was concerned more with 'what the computer can do' or 
'how it does it' than with 'how the computer can be 
used' or 'what the computer output implies'. In such a 
lesson the computer became the conceptual centre of 
attention, with geographical concepts a poor second or 
even ignored altogether. In view of the widespread 
expertise amongst secondary school pupils in the field 
of computing it was not surprising in these 
circumstances that many lost interest - after all, a 
simple geography program could not compete for attention 
with modern arcade games.
The danger, therefore, seemed to occur when the teacher 
emphasised a preoccupation with means rather than with 
ends. However, this was not incompatible with training 
pupils in the use of the GeoBase systems. Consider, for 
example, the following lesson in which a 4th year class 
was introduced to GeoBase. Prior to the lesson, the 
pupils had stuck into their books a map showing the 
distribution of New Commonwealth heads of household 
(taken from the Bristol database, appendix B.11). The 
lesson began with the following teacher-led activity:
"With one pupil as typist, I ... reinforced the 
pupils' choropleth maps already prepared by 
putting onto the screen the simple distribution
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of the variable ORIGINOFBIRTH ... I displayed it 
three times, each with a different number of 
classes, to demonstrate to the pupils how 
different choropleth maps with different numbers 
of classes might appear, and a brief discussion 
about the optimum number of classes ensued."
(Case study No.4)
Whilst the aim of this activity was to introduce the 
pupils to the system (prior to them using the system in 
small groups), the emphasis was on the ends rather than 
the means. For example, the teacher did not emphasise 
HOW maps with different class intervals could be drawn, 
but instead led a discussion on which classifications 
were the most illuminative. Throughout the introduction 
the computing aspects were exposed and reinforced almost 
as a side-effect, in that the pupils could see the 
structure and content of the commands as they were 
entered and equate these to the displays thus obtained. 
Thus the pupils were encouraged to gain the correct 
impression that the computer could be used as a 'tool* 
in order to demonstrate or investigate geographical 
phenomena. In addition, by using a pupil to enter the 
commands the teacher was able to demonstrate that the 
tool was not the preserve of the teacher, but was there 
for anyone to use.
The writer did not doubt that the teachers' and pupils' 
early experiences with the GeoBase system would prove
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particularly important. After all, if teachers had felt 
that early experiments with the system had not been 
successful then they may have reassessed the 
advisability of using the software, or may even have 
decided that computer assisted learning in general was 
not the panacea that was expected or hoped for. The 
writer felt that teachers* first impressions would be 
crucial, even with those teachers already committed to 
using computer assisted learning and convinced of its 
value.
However, the evidence suggested that it was not the 
system alone that determined the effectiveness of 
lessons in which the innovation was introduced, but that 
the approach of the teacher - and in particular, the way 
in which the teacher emphasised the role of the computer 
in relation to the geographical context - was a crucial 
factor. The writer would therefore recommend that 
teachers using the GeoBase system for the first time 
should show the system’s use as an integral part of a 
’normal* geography lesson, that is, that they would be 
well advised to use it to illustrate or demonstrate 
geographical behaviour rather than try explicitly to 
impress the class with its power or flexibility.
9.1.1.4 Limitations imposed by hardware 
Many writers have pointed out the administrative and 
practical difficulties that arise in the planning and 
operation of lessons involving the use of the
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microcomputer. These difficulties serve to discourage 
teachers from using such resources in their classrooms. 
Maddison (1980) points out that the problems of 
scheduling or moving equipment, classes and classrooms 
must be more than balanced by the advantages that accrue 
from using the software before teachers will undertake 
to use the computer on a regular basis.
All teachers who were involved in GeoBase’s trials 
expressed views on this. Their comments suggested that 
they experienced one or both of the following problems 
with hardware which, many claimed, limited the 
effectiveness of using the system to varying degrees;
(a) The available hardware was limited, or limited in 
its capabilities. In particular, peripherals - such 
as ’piggy-backed* monitors and printers - were often 
inadequate or even non-existent. This was most 
often highlighted by comments of the form ’I only 
had a black and white television’ or ’A printer 
would have been helpful*.
(b) Even when it was available, access to hardware was 
limited or unreliable. This often meant that a 
computer was only available for certain lessons, 
and/or that the classes or the hardware had to be 
moved prior to a lesson.
Many teachers cited hardware limitations as a major
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factor in determining their rationale for choosing a 
particular teaching method or model of classroom 
management. For example, teacher 20 suggested that 
group work was the only viable method of using a single 
computer, whilst many initially believed that a single 
computer could only support the ’electronic blackboard’ 
approach of teacher exposition to the whole class.
This was not entirely borne out by the evidence. The 
vast majority of lessons reported and observed involved 
the use of a single micro-computer, but, as suggested 
above, many varieties of the types of classroom 
management models were observed. The implication of 
this is that the hardware alone did not dictate the 
teaching approach or general style of classroom 
management. Furthermore, observation of lessons 
employing the cafeteria style of management demonstrated 
that the availability of only a single computer did not 
preclude an open-ended approach to classroom activities 
using the GeoBase system.
However, it was clear from teachers’ comments that the 
number of computers available (as opposed to the 
computing power or the flexibility of the peripherals) 
had a bearing on the detailed mechanics of lesson 
organisation. For example, teachers commenting on the 
problems associated with lessons involving group work 
often showed frustration because of the fact that group 
sizes had to be fairly large in order that all tasks
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could be completed in the allotted time.
The hardware limitation was thus a ’blanket* problem in 
the sense that it applied to most teaching situations 
regardless of the level of computing power available. 
Many teachers who used the computer for classroom 
teaching - even those who, it must be said, had an 
abundance of computers and specialist equipment - 
expressed the need for ’more, bigger and better’. In 
all probability hardware considerations were a major 
factor when a teacher decided whether or not to use a 
computer as a teaching aid, but it did not seem to 
govern the way in which the GeoBase system was used.
Thus it was concluded that the GeoBase system was 
applicable to many environments involving different 
levels of computing power.
9.1.2 Approaches to individual learning 
In addition to the use of the GeoBase system as part of 
classroom teaching, a number of examples of the system’s 
use outside the normal classroom situation were 
observed. These usually involved sixth-form pupils, 
singly or in or pairs, engaged in project work.
An assessment of the teacher reports indicated that, in 
order for this type of activity to be possible, one or 
more of the following conditions usually seemed to be 
required :
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(a) The class size needed to be small enough so that 
each pupil had access to a computer. This will 
normally only apply to sixth-form classes, where 
there may be sufficient hardware to support at least 
some of the class on a one-computer to one-pupil 
basis.
(b) Pupils may use the computer in private study 
periods. Once again this will usually apply only to 
sixth-form pupils.
(c) Pupils have access to computers during lunch time 
or after school. Most of the schools involved in 
the trial allowed pupils such access. However, it 
often proved difficult for the geography teacher to 
reserve sufficient access time for individual pupils 
because of the general demand for use of the 
facilities.
In addition, it is reasonable to suppose that this kind 
of teaching activity might also be feasible if there are 
many computers. Although no cases were recorded as part 
of this trial, with the increasing introduction of 
network facilities in schools this situation becomes 
ever more likely. In some instances teachers may have 
the option of dividing the class such that each computer 
on the network is attended by two or even one pupil.
Although only six teachers (2, 3, 11, 19, 34 and 36)
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reported cases of the use of this teaching strategy it 
is clear that the GeoBase system proved an invaluable 
tool to those pupils who chose to use it. The attribute 
of the system that pupils found of most use was its 
speed - pupils were able to ’try-out ideas’ rapidly, 
without having to worry about whether or not the idea 
would prove successful or illuminative. For some pupils 
the system also played a major role in providing a 
structure on which the enquiry could be based, 
particularly in the sense that it suggested ways in 
which data that they had collected could be logically 
ordered. The learning aspects of individual study are 
considered in more detail below, section 9.2.2.
The instances of individual study also highlighted the 
alternative approaches that may be taken by teachers. 
Teacher 11, for example, chose a model of teacher 
support that involved close co-operation between pupil 
and teacher, with teacher-colleagues also playing a 
role. He reported that the main advantage of his role 
of ’teacher-as-advisor’ was that he then had access to a 
broad basis of facts that had arisen from interaction on 
which to base his evaluation. He also felt in a good 
position to take corrective measures should the study 
have begun to flounder. On the other hand, teacher 34 
allowed pupils to ’get on with it’, with very little 
’interference’ from himself. Here the teacher acted as 
evaluator only, rather than evaluator/advisor and this 
had the advantage that the responsibility for the
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problem-solving aspects of the enquiry lay entirely with 
the pupils. One teacher reported that this approach was 
particularly advantageous for weaker pupils in the 
class, those who were less able or lacked confidence in 
using the microcomputer; they were able to make mistakes 
without embarrassment and without having to suffer 
criticism from their peers or from the teacher.
There are many motivating factors that might encourage a 
teacher to adopt the individual studies strategy. No 
doubt there are some teachers who will adopt the 
means-ends rationality and choose to involve pupils in 
such an activity for sound educational and geographical 
reasons. On the other hand, some teachers, using the 
same rationality, may decide that the outcomes do not 
justify the inconvenience or uncertainty that accompany 
this type of teaching and learning. However, there is a 
great deal of pressure on all teachers to persevere 
with individual studies; pressure from examining boards 
and as a result of the introduction of school profiling 
for example.
Whatever the underlying motivational factors, it 
appeared that the GeoBase system served to further 
encourage teachers to organise this kind of activity.
In observing teachers and listening to their verbal 
descriptions of the progress of individual enquiries it 
was evident that, once the initial uncertainties had 
been overcome, they were encouraged both by the response
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of their pupils to using the GeoBase system and by the 
results that could be achieved through its use. In 
considering the classroom use of the system it was 
pointed out above that the style of many of the teachers 
involved in the trial moved towards the less structured
approaches as they became more familiar with the
system’s characteristics. Many may find that the 
pressures on the one hand and the availability of a 
system for open-ended enquiry on the other will provide 
sufficient motivation and encouragement for them to
pursue the individual studies strategy.
9.1.3 The role played by GeoBase in teacher motivation 
A point that arose several times in conversation with 
colleagues, teacher advisors and more experienced 
teachers during the early stages of the GeoBase system’s 
developmental evaluation was that the complex nature of 
the operating system, the result of the compromise 
between the need to make it user-friendly whilst 
preserving its power and flexibility, might militate 
against its use, particularly where teachers were 
inexperienced in computer assisted learning in general. 
To a large extent this view reflected a generally held 
opinion amongst program developers and others that 
various types of program were suited to various levels 
of teacher experience in the field of computer assisted 
learning.
However, during the course of this research the progress
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of many teachers with very different backgrounds in the 
field of computer assisted learning was recorded, and 
yet no evidence emerged to suggest that the noviciate 
computer users (those who, for example, had not 
previously used a computer in their classroom) were at 
any major disadvantage in using a complex system or that 
they were generally less adventurous in their approach. 
This might have been explained by the high level of 
motivation displayed by most users, a factor noted by 
colleagues and others involved with the system’s
development, not only manifested in the determined
approach taken by teachers and their persistence in 
mastering the system but also in the dedication shown in 
lesson preparation. Throughout the trials it was 
evident that the amount of time spent by teachers in 
preparing lessons using the GeoBase system far exceeded 
that which was spent for lessons not involving the 
computer. In addition this did not include the time 
taken by users in familiarizing themselves with the 
system.
However, the level of motivation could not completely be
explained in terms of an attraction to the system itself
since this attitude was observed in teachers at various 
stages of their association with GeoBase, including 
those with little or no experience with the system.
Part of the explanation may lie in the importance 
attached by many noviciate computer users to the 
decision to become involved in computer assisted
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learning. Perhaps the most important decision made by 
many of the teachers involved in the current research 
was not the question of whether to use the GeoBase 
system, but whether or not to use a computer in their 
classroom at all. Maddison (1981) has suggested that 
this decision is based upon the importance of the 
perceived outcomes and advantages, but it was the 
writer’s opinion that there was much more to this 
decision than this means-ends rationality might suggest. 
Indeed Hoyle (1983) has suggested that there is little 
reason to suppose that the uptake of computer systems in 
the classroom faces problems any different from those 
faced by earlier innovations in educational technology 
such as programmed learning. Such problems involved the 
micropolitics of the learning environment as well as the 
values adhered to by individual teachers.
However, although the underlying motivation for using 
the GeoBase system may be complex, there is some 
evidence to suggest that the role of software in 
encouraging teachers was twofold. Firstly, the system 
may be likened to the last straw on the camel’s back. 
That is, it sometimes acted as a catalyst, providing 
sufficient momentum to a teacher’s interest such that 
the teacher was able to cross the threshold into 
computer assisted learning. Many teachers were 
attracted by the speed with which ’simple’ geographical 
techniques - such as choropleth mapping - were achieved, 
giving rise to such comments as ’... speed of drawing
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maps, hence ideas tested very quickly* and * it should 
allow me to illustrate ideas quickly and easily as part 
of class discussion*. Others were impressed by the 
number of different ways in which the raw data could be 
displayed. Teachers 2, 3 and 11 recognised at an early 
stage the potential of the program for assimilating 
local data.
The sheer range of classroom activities undertaken by 
teachers that used the system for the first time 
indirectly implied that one of the most attractive of 
the system’s attributes was that it did not impose upon 
teachers a particular model of classroom teaching. In a 
sense the flexibility and adaptability that were built 
into the system may have served to subdue fears of the 
’de-personalization’ of the teaching process, in that 
teachers may have recognised that they could retain 
control over the way in which the system was used in the 
classroom. Hence changes in the teacher-pupil 
relationship could remain teacher-inspired rather then 
software-dictated. Furthermore, fears of 
’de-professionalization’ were avoided because the system 
contained neither implied models of geographical 
behaviour nor even specific geographic data. Hence 
teachers also retained control over the factual and 
conceptual advancement of their geography classes.
Not only did teachers employ the system in support of 
their normal teaching methods but many also saw the
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system’s potential for providing the basis for 
extensions of their teaching into new areas of classroom 
management. This was highlighted by the remarks made by 
teacher 1, a head of department in an 11 - 16 school;
’’For over a year, after having been on a 
three-day residential computer course, I had 
pondered, hesitated, felt not a little anxious at 
the idea of presenting a ’computer’ lesson to 
pupils. The spur arrived in the form of GeoBase, 
the first computer program that excited me enough 
to overcome the inherent fears of machinery and 
to breach the self-imposed barriers of the 
’standard’ geography lesson.”
Some teachers used their first experience with computers 
as an opportunity to experiment with more innovative 
teaching approaches. For example, in his first 
experience using computers in the classroom, teacher 34 
used the GeoBase system as the basis for a class 
investigation into soils. Although the investigation 
was structured in the sense that the geographical 
content and investigation strategy were prescribed, the 
teacher had no idea at the start of the exercise as to 
the likely geographical outcomes - in this sense the 
enquiry was genuinely open-ended as far as the pupils 
were concerned.
The role of such a relatively complex database system in
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this context Is contrary to the widely held belief that 
noviciate computer users perceive the relevance and role 
of computers solely in terms of current classroom 
practice and established subject content. For example, 
Wallace (1983) has written;
"Programs which calculate a T-test, or a 
correlation or an index of concentration can be 
extremely useful in cutting down the mechanical 
repetition of simple calculating tasks ... As a
result of the fairly clear-cut role of
microcomputers in this aspect of geography many 
teachers see this as the area where they are most
likely to be able to use the machines.”
The current research has indicated that the types of 
program indicated by Wallace are those which least 
attract the attention of geography teachers. The writer 
felt that this was possibly for the very reason cited, 
namely that these programs are so clear-cut as to offer 
little that is new and nothing that inspires. On the 
contrary, many of the teachers who were using GeoBase 
for the first time gave the impression that they were 
willing to explore new dimensions, and some were clearly 
enthusistic to do so. It is possible that, through 
GeoBase, many were seeing for the first time the unique 
power of the computer and its potential for changing 
teacher and pupil roles in the classroom.
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Secondly, the system played a role in maintaining 
teachers’ interest in the computer assisted learning 
field. Unlike many of the programs described in chapter 
2 that have as their basis a specific geographical 
concept or model, the use made of the GeoBase system was 
limited only by the teachers’ imagination and by their 
available time and resources. Thus the system could be 
used to teach a variety of topics and concepts to a 
variety of ages and abilities. In recognition of this 
many teachers progressed from using databases prepared 
by other teachers (or by the research team) to designing 
and producing their own. Furthermore, as teachers 
became more experienced and confident in their ability 
to use the GeoBase operating system, so the system 
allowed them to experiment with new teaching formats.
Hall, Kent and V/iegand (1985) have suggested that the 
post- 1 9 8 3 era has seen the rise of a new sub-culture - 
the ’geomicroperson’ - using leisure time to combine a 
hobby with classroom applications of computer assisted 
learning. However, since relatively few teachers find 
educational computing so attractive as to merit spending 
many hours at home designing, producing or testing 
programs, the writer feels that this particular 
sub-culture is unlikely to expand such that integration 
of the computer into the curriculum becomes widespread. 
An alternative possibility, suggested in a forward 
looking paper by Kent (1982), is that a ’critical mass’ 
of programs will eventually be available to geography
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teachers in the sense that there will be enough 
alternatives around to encourage the integration of 
computer assisted learning.
However, the take-up of the GeoBase system implied that 
many teachers were not sufficiently motivated simply by 
the existence of a large number of programs, but that it 
was the quality of the system (in terms of power and 
flexibility) that inspired them. It appeared that 
teachers needed to be convinced that computer assisted 
learning offered something new, not simply in terms of 
subject-content since syllabuses were already 
overcrowded, but in terms of the scope and flexibility 
of the software leading to new teaching methods and 
learning experiences. Thus, in considering teacher 
motivation, the writer concluded that it was not the 
MASS of software that must exceed a critical level but 
the QUALITY in terms of educational criteria,
9.1.4 Database creation by teachers 
Many database were, over the period of the trials, 
developed by teachers, a selection of which are given in 
appendix B. Some teachers chose to extend databases 
that were originated elsewhere (teacher 1, for example, 
collected and entered a ’rainfall* variable to add to 
the three variables already supplied with the Purbeck 
database, appendix B.1). However, most teachers chose 
to start from the beginning, designing and then 
producing a database to suit their own local environment
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and syllabus.
In a number of cases, groups of teachers cooperated in 
both the design and production stages. In one case this 
involved five teachers (26, 27, 28, 29 and 3 8) from a 
number of schools (spread over two local education 
authorities), but such cooperation was normally between 
colleagues within the same establishment. This form of 
cooperation highlighted both advantages and 
disadvantages. On the negative side, decision making by 
committee was time-consuming, leading to delays in 
database production. However, the finished product was 
often more comprehensive as a result - for example, one 
such database was accompanied by photographic slides as 
well as notes for teacher guidance and numerous pupil 
worksheets.
Most.of the databases created by teachers covered more 
than one geographical or educational aim. That is, 
teachers chose to develop databases that could be used 
in support of more than one topic, or could be used to 
teach a single topic at a variety of levels. For 
example, the Bristol Database (appendix B.11) was 
designed for use throughout the 11-18 age range; teacher 
11 used the database in the lower school to illustrate 
general geographical variations across the city, whilst 
at sixth-form level the database was used as a tool in a 
detailed investigations into the distribution of 
juvenile crime in the city.
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It was clear that one of the motivating factors behind 
the creation of databases by teachers was that, by 
spending a little time and effort, the teachers were 
able to produce a valuable resource for use in their 
classrooms. Furthermore, it was often a resource that 
would have been difficult to duplicate in any other way. 
This particularly applied to those databases that 
contained data gathered locally where the computer was 
used to illustrate, in a graphic way, data - often local 
census or planning information - that might normally be 
analysed in its raw form.
However, the process of creating a database involved 
much effort, inconvenience and, most of all, time. Many 
teachers found that the data was not always at hand and, 
in any event, the process of collation and entry was 
rather long-winded even though the design of the system 
made it fairly straightforward. It was possibly for 
this reason that the trial did not record many teachers 
who created more than one database. However, some 
teachers used their experience in creating a database to 
encourage pupils to create their own. For example, 
teacher 3 who created a simple census database later 
encouraged pupils to design a more sophisticated version 
(the Thamesdown database, appendix B.6). This implied a 
second motivating factor for the creation of databases 
by teachers, namely that it gave them the sufficient 
confidence in their ability to guide pupils through the
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database creation process.
The cases where teachers have created their own 
databases must, of course, be considered in light of the 
fact that some teachers preferred to use ’ready-made’ 
databases even though these did not match exactly with 
specific teaching objectives. It was perhaps a sign of 
the biased sample of teachers involved in the trials 
that most were sufficiently enthusiastic to develop 
databases to meet their teaching needs. However, the 
advantages that accrued from such an exercise were not 
restricted to the more immediate outcomes mentioned 
above. Teachers also benefited from the social and 
professional interaction that was a result of the 
development of such a teaching resource. Very often the 
process of creating a database raised as many 
geographical questions as it answered, and this provided 
the basis for valuable discussion both with colleagues 
and with pupils. For example, teacher 6 found it 
advantageous to involve two colleagues from other 
departments. The resulting database, covering rural, 
social and economic information for an agricultural 
region, had inter-disciplinery relevance.
Hoyle (1 9 8 3) has suggested that some teachers see the 
production of computer-based resources as detracting 
from their teaching role. It might be argued that the 
creation of databases demotes the teacher to the role of 
’provider-of-resources*. However, in a wider sense, the
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process of database creation was seen as expanding the 
teacher’s horizons, providing an additional tool in his 
armoury, and allowing him to teach topics and foster 
concepts in a way that was not possible before.
9.2 The quality of the learning experience 
In addition to assessing the GeoBase system’s 
effectiveness in terms of the approaches and attitudes 
of teachers it was found to be useful to consider in 
more detail the types of cognitive activities that 
pupils underwent as a result of their interaction with 
the system. The limited time and scope of the classroom 
evaluation of the system prevented a detailed analysis 
of these activities, but it proved illuminative to 
consider the types of problem solving activities that 
were attempted by pupils using the system. Furthermore, 
a consideration of the types of individual studies that 
were recorded revealed a number of important aspects 
relating to the system’s effectiveness and to the 
advantages that accrued from its use - these are 
discussed later.
9.2.1 Levels of problem solving
It has been suggested above that teaching style, 
particularly in relation to the type of classroom 
management adopted, has an important bearing on the type 
of learning that develops as a result. That is, it was 
implied that as lessons using the GeoBase system became 
less structured in their approach (moving, for example.
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from the whole-class to the cafeteria styles of 
management) so the learning experience became less 
structured, the responsibility for learning being 
increasingly taken by pupils. However, an analysis of 
some of the worksheets returned by teachers as part of 
the data collection revealed another important aspect 
that influenced the type of cognitive activity that the 
pupils underwent.
9.2.1.1 Teacher approaches to task-design in group-work 
Of those teachers who used the group-work model of 
Wiegand’s classification, more than 80 per cent used 
worksheets in order to structure the work of each group. 
The worksheet returned by teacher 6 included the 
following exercise;
"Enter MAP ORIGIN WITH CLASSES 6, COLOUR 2 and 
then press the RETURN key. What areas have the 
greatest % of New Commonwealth/Pakistan 
immigrants? Give an explanation of your answer."
This exercise involved the pupils in three activities;
(a) they typed in a command at the keyboard, (b) they 
answered a question according to their observations and
(c) they attempted to analyse their answer in the light 
of previously imbibed geographical concepts and 
information.
The question above was fairly typical of many that
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appeared on worksheets designed for the group-work 
methodology. There were a number of cases where the 
third stage was less pronounced as in the worksheet 
submitted by teacher 1, which contained a number of 
questions of which this was typical:
"type MAP ALTITUDE WITH CLASSES 3
Are the settlements sheltered from SW winds?"
In this case, an analysis stage was not explicitly 
required, in fact the pupils* responses were of the YES 
or NO variety. In this sense it might be argued that 
the quality of learning, and certainly the depth of 
thinking required, was less in this case than in the 
first example quoted. Nevertheless, it was undoubtedly 
greater than in the following questions composed as part 
of a pupil worksheet by teacher 36:
"CLEAR THEN MAP LANDUSE THEN ISOLINE HEIGHT,100 
WITH COLOUR 2 
What is colour 2?
SHADE HEIGHT > 100 AND LANDCLASS = 2 WITH 
PATTERN 6
What % of the land below 100m is classified as 
grade 2 land?
The objectives of the first part of the question, and to 
a lesser extent the second part, were clearly different 
in approach to those of the earlier examples given
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above. However, both parts of the question use only the 
pupils' observational skills - in the first part they 
were asked to state the colour of the resulting map and 
in the second part they merely had to read a percentage 
given at the base of the screen automatically by the 
GeoBase system.
In terms of the quality of the learning experience, the 
exercises above fell short of the kind of enquiry 
approach that was envisaged as part of the design 
process of the GeoBase system. In other cases, however, 
exercises were designed to stretch the investigative 
skills of the pupils concerned. Consider, for example, 
the following exercise devised by teacher 2 for a 
sixth-form class:
"The aim of the exercise is to study carefully 
the geology, altitude and landuse in 1950 and 
decide on a potential site for a reservoir ... 
now map landuse in 1975. Was your site near to 
the one selected? Discuss your results."
In this case the exercise did not give explicit 
instructions as to how to use the system and which 
commands to type. Furthermore, the pupils were given no 
guidance as to which of the variables were actually 
relevant (as opposed to 'available') in siting the 
reservoir; neither were they told whether the 
information they seeked was best found by drawing maps.
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constructing cross-sections or studying statistical 
results. It was therefore necessary for the students to 
use the GeoBase system in the way envisaged in earlier 
chapters of this thesis. A number of the pupils 
commented in the last part of the investigation (and to 
the teacher during their enquiry) that insufficient 
information was available for them to make a confident 
decision regarding the 'best' site for the reservoir. 
This illustrated how the pupils were beginning to 
understand the difficulties associated with genuine 
problem-solving exercises. Not only were they learning 
to take a critical approach to the information 
'universe', they also had to make a final assessment 
based on limited understanding and knowledge and in this 
way were approaching the problem-solving strategies 
needed in the 'real-world'. The teacher reported that 
the GeoBase system 'allowed a more flexible approach to 
problem solving than would other teaching resources.'
The teacher further reported that the system seemed to 
motivate the students to discuss their ideas with each 
other before investigating the validity of their ideas 
by interrogating the database, and that this gave the 
lesson a 'dynamic' element.
9.2.1.2 Strategies for open-ended problem solving 
All of the examples given above were devised by teachers 
to support the group-work model of classroom management, 
and yet they illustrated many different levels of 
cognitive activity. Thus the evidence suggested that
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the less structured classroom management models must be 
mirrored by a less structured approach to pupil 
exercises for high quality problem solving to take 
place. However, none of the examples given above 
represented an open-ended approach. Even in the last 
example the geographical outcome of the exercise, namely 
the siting of a reservoir, was clear from the start.
This almost certainly stemmed from the fact that 
teachers were faced with the problem of making sure that 
each group was given an equal opportunity to use the 
computer within the bounds of a single lesson, making 
open-endedness in the exercises almost impossible to 
achieve.
Teacher 11 reported a lesson in which a cafeteria style 
of management had allowed him to devise an open-ended 
exercise involving fourth-year pupils. During the 
lesson, pupils investigated the variations in 
socio-economic quantities in Bristol and related these 
to the distribution of the immigrant population. At 
intervals, pupils working in pairs used the GeoBase 
system to display information relevant to their 
particular line of enquiry. A typical enquiry strategy 
(drawn up by pupils as part of the lesson content) was
(a) display map of immigrant population,
(b) select another variable,
(c) compare the resulting distributions, and
(d) discuss findings.
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The teacher felt, as a result of their efforts, the 
pupils had a better understanding of:
(a) the subtlety of of choropleth mapping;
(b) the nature of social and socio-economic data;
(c) the spatial correspondence between variables; and
(d) the multi-variate approach to problem solving.
However, in addition to these hoped-for outcomes the 
teacher also noted that, as the lesson progressed, 
pupils became more independent and started to use 
increasingly sophisticated techniques for investigating 
the problem. For example, some pupils chose to use a 
subset technique to highlight intersections of high and 
low areas of the distributions:
"Having checked with the teacher that the 
strategy was practical, and having identified 
from the original data sheet the critical 
threshold value, some pupils substituted a mapped 
subset for the full choropleth map, that is, they 
chose only to map those areas of the city where 
the total concentration of immigrants exceeded, 
say, 15% of the heads of households ... their 
superimposition became increasingly selective."
This lesson clearly demonstrated that the GeoBase system 
could aid the design of open-ended strategies of problem
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solving. It also suggested that the GeoBase system 
tended to encourage pupils to experiment in terms of 
investigation techniques, and indeed the teacher later 
noted that 'few found difficulty in dealing with the 
GeoBase enquiry format, and all welcomed the opportunity 
to to feel that THEY were investigating, and were in a 
situation where the teacher, most certainly, did NOT 
know all the answers,* This type of problem solving was 
possible because the teacher made use of the cafeteria 
style of classroom management. However, teacher 18 
reported a lesson in which the same method of classroom 
management was involved and yet the pupil activities 
were of a 'observe, record and explain* genre similar to 
those described above for the group-work management 
style. Hence, just as with the examples of group-work 
discussed above, the mode of classroom management did 
not in itself imply that the type of investigations 
carried out by pupils using the GeoBase system were 
necessarily of a genuine open-ended problem solving 
nature. However, this research suggested that in order 
to use the GeoBase system for such investigations with 
larger classes it is likely that the cafeteria style 
will be the most suitable style of classroom management,
9,2,2 Pupil approaches to individual study 
Although it was not within the scope of this research to 
investigate in detail the cognitive processes that were 
permitted and encouraged by the GeoBase system, it 
nevertheless proved useful to analyse more carefully the
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type of activities that were a result of the instances 
of individual studies reported as part of the system's 
trials. Aspects of pupils' approaches to such activités 
are discussed in this section.
In terms of pupils' approaches to project work involving 
the GeoBase system, two major categories were 
distinguished; those where the pupil created his or her 
own database, and those where the creation of a database 
was not part of the project. From the five cases of 
individual studies recorded as part of the trials, two 
(reported by teachers 3 and 19) were in the first 
category, the remaining three cases (2, 11 and 34) 
involving databases created by the teacher of the pupils 
concerned,
9.2,2,1 Pupil-created databases
Teacher 19 reported an example of an examination project 
completed by a sixth-form pupil in which the pupil 
produced a 'Farm' database. The data gathered from the 
project as part of this research also included a copy of 
the submitted version of the pupil's final report as 
well as general comments made by the pupil concerned.
The project's general aim was an investigation of the 
following hypotheses:
"the patterns of agricultural land-use are 
influenced not only by a range of physical 
factors but also, more importantly, by the
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economic decisions and perception of the farmer,"
It was significant that when the project was designed by 
the pupil she had no knowledge of the GeoBase system, 
and in fact she only became aware of the system after 
she had collected relevant field data. However, she was 
able to adapt the data to the format required by the 
GeoBase system. The major point that emerged from her 
final report was the advantage of using the GeoBase 
system compared to other, more traditional, methods of 
data analysis. In particular, the system allowed her to 
experiment with ideas that would normally be unavailable 
because of the time constraints:
"Ideas could be tried and if the result was not 
satisfactory very little extra time or energy had 
been wasted,"
A similar use of the GeoBase system was reported by 
teacher 3, In this case the pair of sixth-form pupils 
concerned had used the system in the course of their 
geography syllabus and were therefore familiar with its 
operation. Their project involved the production of a 
census database. The majority of the data was gathered 
from 1981 population census returns, although two of the 
variables, CRIME and HOUSEPRICES, were derived from 
articles and advertisements in the local evening paper.
From the two cases mentioned above it became apparent
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that a number of advantages accrued to those pupils who, 
as part of an individual enquiry, designed and produced 
a database. Firstly, such pupils gained credit from the 
project's evaluators for the way in which the database 
was designed. Thus the databases creation process was 
seen by the teachers concerned as an integral part of 
the project. Secondly, the database thus created more 
exactly matched the needs of the investigation than 
would a database produced for other, albeit similar, 
reasons. Thirdly, such pupils were in a good position 
to criticise the database in terms of data reliability 
and suitability. Thus the pupils who created the census 
database described above knew that the variable CRIME 
was assessed on the basis of the daily court reports in 
the local paper and was thus subject to error and bias. 
The teacher felt that an understanding of the nature and 
limitations of the data was essential for the meaningful 
interrogation of the database. Fourthly, it was apparent 
throughout the research that users who created their own 
databases showed a particular motivation and interest in 
the interrogation of their creation, and teacher 3 
reported that this was the case with the two pupils 
concerned. Finally, perhaps the most important 
advantage was that the structure imposed by the actual 
process of database design forced pupils to analyse 
important geographical decisions. For example, the 
pupils had to consider the following with regard to the 
database variables:
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(a) Which variables are relevant to the study?
(b) What data sources are available for each variable? 
Which is the most appropriate source?
(c) How should the data be collected? Should it be 
recorded as a percentage? A rank score? Numeric or 
string?
(d) What degree of detail is required for each 
variable?
Many similar decisions were taken by the pupils 
regarding the region to be studied, the basemaps, the 
grid size, and so on. All such decisions had to be 
taken before an analysis of the data could begin.
In both the cases of pupil-created databases reported, 
the investigation strategy was the same, and may be 
stated simply as:
(a) Definition of aims and objectives,
(b) Design of database with careful consideration of 
geographical aims,
(c) Production of database,
(d) Analysis of data using the GeoBase interrogation 
facility as a provider of information.
(e) Drawing of conclusions and/or recommendations.
It was clear that the strategy for those pupils using 
GeoBase with teacher-created databases was markedly 
different, and these strategies are now discussed.
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9.2.2.2 Teacher-created databases
Pupils following the Schools Council 14-18 Project were 
required to do an individual study at 'A' level, and 
teacher 11 reported the use of the GeoBase system for 
such a project. The teacher described how a pupil had 
used the Bristol database (appendix B.11) as the basis 
for an investigation into the distribution of juvenile 
crime in the inner-city. Having chosen the topic 
following consultation with the teacher, the pupil then 
used the GeoBase system to clarify his ideas and to 
identify aspects of the problem that required further 
analysis. This was later followed up by a more detailed 
analysis involving data collected in the field.
Teacher 34 reported project work that was not in part 
fulfilment of external examinations, but was used within 
the normal syllabus context to study factors influencing 
soil distribution. The pupils involved (a sixth-form 
class working in pairs) were required to select a 
variable from a list provided on the database created 
previously by the teacher, and then to investigate the 
relationship between the distribution of the variable 
selected and the variation in soil type across the 
Mendip region. (The writer chose to classify this 
exercise as 'individual studies' rather than the 
cafeteria management model because the vast majority of 
each investigation was carried out during private study 
periods rather than in class-time.) The teacher also
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listed specific tasks that the pupils were to complete 
and which were to be evaluated by the teacher; thus the 
pupils were required to produce a thorough summary of 
the relationships discovered (in note form) and then to 
write a careful explanation of these relationships (in 
essay form) drawing on wider references which were 
listed with the instructions for the exercise.
Whilst the latter example was clearly less 'open-ended* 
and more structured than was the investigation into 
juvenile crime in the sense that the teacher had a 
fairly clear idea as to the relationships he expected 
pupils to discover, the pupils were nevertheless free to 
develop and use whatever enquiry techniques they felt 
appropriate. Furthermore, in both cases the strategy of 
the investigations were equivalent:
(a) Use the GeoBase system to develop and test ideas,
(b) Collect other imformation to support hypotheses 
developed in step (a), and
(c) Draw conclusions from an overall analysis of the 
data collected.
The major difference between the two examples described 
above was the source of the information collected in 
step (b); the sources being field-data in the first 
example and wider references in the second.
In considering all the instances of individual study it
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became apparent that the actual use of the Geobase 
system conformed to a general pattern in all cases. 
Teacher 11 reported that the pupil investigating 
juvenile crime used the system in the following manner:
(a) The pupil first considered the general distribution 
of juvenile crime, gaining a superficial impression.
(b) The general distribution of crime was then 
considered in relationship to the distribution of 
other variables.
(c) The pupil then identified those variables that 
appeared to have some correlation with the 
distribution of juvenile crime.
(d) The relative strengths of these distributions were 
then assessed.
(e) Finally, the pupil used the system to investigate 
local differences and localised effects on the 
relationships identified earlier. This step was a 
precursor to detailed fieldwork.
Similarly, teachers 2, 3 and 34 reported that pupils 
first used the system's mapping facility to identify 
general relationships before turning to more selective 
methods of interrogating the database. These examples 
reflected a steady transition from relationships 
indentified at the macro scale to those indentified at 
the micro scale.
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9.2.2.3 Conclusions regarding the use of GeoBase to 
support individual studies
As mentioned above, one of the main points that arose
from the report of the pupil studying farm landuse was
the fact that the pupil was able to try ideas without
the frustration of time wasted when such ideas were not
successful. This point was also emphasised by teacher
11 :
"What has been illustrated here is the basic 
strategy ... it does not include details of time 
spent, profitably we feel, in trying lines of 
enquiry which were unsuccessful - for example, in 
choosing baselines for cross sections."
From such comments it was concluded that the use of the 
GeoBase system meant that time constraints exercised 
less control over the scope of the investigation and 
hence encouraged a deeper understanding of the topic. 
Although largely unsubstantiated by the present limited 
research, the writer felt that the system not only 
supported the standard process of (a) problem 
identification (b) hypothesis generation (c) data 
collection (d) hypothesis testing and (e) conclusion, 
but also, as a result of its flexibility and speed, had 
the potential to encourage pupils to consider wider 
aspects of the study as a matter of course.
Furthermore, the evidence suggested that the system
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provided significant additions to the types of 
analytical methods that pupils might normally be 
expected to use. In a book detailing alternative 
strategies of project work at level, Pilbeam (1978)
listed the main methods of hypothesis testing as being 
graphs, statistical correlation, Chi square test, near 
neighbour analysis, Mann-Whitney U test, and measures of 
variance. In a paragraph entitled 'Other techniques' he 
mentioned that 'The visual comparison of distributions 
through the use of map overlays may also prove effective 
as a method of testing ...'. This apparent demotion of 
mapping techniques could be seen as contradicting HMI's 
(1 9 7 8) assertion that 'the use of maps is 
fundamental to geography', but it reflects the 
difficulty of using maps as part of geographical 
investigations by pupils. This difficulty stems from 
the fact that maps that are sufficiently accurate to 
facilitate hypothesis testing are usually time-consuming 
to draw. However, the pupils that had used GeoBase in 
project work had not only used the mapping facility to 
illustrate general trends, but all had employed its 
ability to draw maps of subsets of the data in order to 
demonstrate in a visual way the correlation between 
selected geographical variables, and in the case of the 
'Farm' database this was the primary method of 
investigating hypotheses.
The writer took the view that this apparent move away 
from statistical techniques towards quantitative mapping
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techniques should be encouraged. At various stages 
during the trial period members of the research team 
noted that many teachers did not fully understand the 
assumptions demanded by parametric statistical 
techniques. In particular, it became evident that many 
teachers were prepared to use the product-moment 
correlation facility provided with the GeoBase system 
without paying sufficient attention to the essential 
nature of the data. Inevitably, this was reflected by 
pupils; for example, the pupil who investigated juvenile 
crime in the Bristol inner city calculated the 
product-moment correlation coefficient between two 
percentage variables and used the result to support his 
hypothesis. In other cases the limited range of the 
variables was not considered, several of the variables 
containing only integers from 0 to 3. Primarily such 
dangers arose from the fact that pupils lacked 
sufficient knowledge of the mathematical implications of 
such tests.
These dangers could to some extent be avoided by a more 
prolific use of mapping techniques, although it should 
be emphasised that these do not absolve the pupil from 
the task of reconciling conclusions with the geographic 
nature of the data on which they are based. However, 
the writer would not seek to underestimate the power of 
statistical techniques where these are appropriate, and 
indeed there have been instances observed where the use 
of statistical indicators have served to highlight
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geographical features that were not immediately apparent 
using mapping and sectioning techniques. For example, 
teacher 37 was able to demonstrate the unique character 
of countries such as Saudi Arabia by using a 
scattergraph to emphasise the characteristic high GNP 
and high birth-rate of such countries. In the writer's 
opinion this example was typical of the some of the best 
uses of the statistical facility provided with the 
GeoBase system.
A final point energed from the fact that the individual 
study reported by teacher 19 involved a pupil who was 
able to adapt data which was not collected specifically 
for entry into the GeoBase system. Although the pupil 
reported that the entry of data 'proved tedious and 
mistakes often passed unnoticed until a map was drawn 
which contained an obvious error', it was clear both 
from her own comments and from those of the teacher that 
the adaption of the data into the required format was 
successful. This suggested that the design of the 
mini-world of the database had fulfilled its 
expectations in the sense that it was capable of 
assimilating spatially organised geographical data.
Throughout this research it was evident that most pupils 
were excited by the 'power' that derived from having a 
large volmue of information at their 'finger-tips'. As 
a result the writer formed the opinion that individual 
studies employing database systems such as the GeoBase
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system will play an increasing role in geography 
education; furthermore, as hardware becomes more widely 
available so more teachers will employ enquiry 
strategies with increasing younger pupils.
9.3 Conclusions drawn from classroom evaluation 
The aims and scope of the summative classroom evaluation 
of the GeoBase system were limited and it was therefore 
only possible to make tentative conclusions as to the 
system's effectiveness. However, the responses from 
teachers and pupils alike encouraged the writer, and the 
conclusions drawn were done so in good faith.
Three general aims of the GeoBase system were given in 
chapter 2. The first two aims were developmental in 
nature, but the third aim stated that the system 'should 
be capable of supporting various types of classroom and 
learning models'. In this chapter the system's ability 
to adapt to various classroom situations and 
environments has been demonstrated. It has been 
established that the system did not impose particular 
modes of teaching or learning, nor was the use of the 
system restricted to a particular pupil age or ability 
level, and evidence has been put forward to suggest that 
this was a major factor in its uptake by teachers.
It has also been noted that the system not only 
supported various classroom activities but appeared to 
encourage teachers to adopt less structured styles of
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teaching. However, the evidence implied that in order 
to foster open-ended problem solving and 'real-world* 
enquiry skills it was also necessary for teachers to 
adjust their attitudes and approaches to task-design.
As a corollary of the summative stage it was concluded 
that other teachers would benefit from the experiences 
of some of the teachers involved in the present 
research, and as a result it was decided to publish a 
number of the case studies to accompany the GeoBase 
system's supportive documentation. The 'Case Studies' 
booklet is provided in an adjunct to this thesis.
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A.1 Covering note for questionnaires
PLEASE READ THESE NOTES CAREFULLY BEFORE COMPLETING THE 
QUESTIONNAIRES
Form Q1
This form provides essential background information for 
the evaluation of the GeoBase system. Since it requires 
information regarding the teacher's early experience of 
the system, this form is best completed by each teacher 
using the GeoBase system after the first lesson given by 
the teacher. It should be returned to the address below 
at the earliest opportunity.
Form Q2
One copy of this form should be filled in after EACH 
lesson involving GeoBase. However, where a lesson is a 
simple continuation of a previous lesson, one form can 
be used to cover both. The Q2 forms should be returned 
at the end of the teaching unit.
Form Q3
This form should be completed after a new database has 
been created, and should be returned as soon as 
possible.
Return address:
Mr I Ferguson 
GeoBase Project 
School of Education 








Teacher Evaluation of GeoBase
THIS FORM SHOULD BE COMPLETED BY THE TEACHER AFTER THEIR 
FIRST LESSON USING GEOBASE







4. What was your first contact with GeoBase?
5, Have you received any instruction in its use? If
so please specify where, when and for how long:....
6. What was your experience with computers prior to using 
GeoBase? .............................................
7. Have you used any other computer programs in the 
classroom? * YES/NO
8. (i) How long did it take you to feel able to use
GeoBase in a lesson? ........................
(ii) How long did it take you to prepare your first 
lesson with the GeoBase system? ..............
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A.3 Questionnaire Q2
Teacher Evaluation of GeoBase
THIS FORM SHOULD BE COMPLETED AFTER A LESSON IN WHICH 
G2E0BASE WAS USED.
* delete as appropriate
1. Name :  School :
Date :..................... Time taken :.............
Class:...................  Ability level:..........
No. of pupils :...........
Do you plan to use GeoBase again with this class? * 
YES/NO
2. Have the pupils had previous experience of using 
computers (i) at all? * YES/NO (ii) in geography?
* YES/NO
3. Have the pupils had previous experience of using 
GeoBase? * YES/NO
Part One
4. Aims of lesson :................
5. Topic(s) taught using GeoBase:
6. Did the lesson involve (i) creating a database? * 
YES/NO (ii) interrogating a database? * YES/NO
7, How was GeoBase used? Please describe its use in 
terms of teacher and pupil activity:.............
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8. (i) What class-management problems did you meet?
(ii) How did you overcome them?
Part Two
9. (i) What problems arose from limitations in the
software?........................................
(ii) How did you overcome them?
(iii) How could the software be improved in order 
to avoid these problems in future? ..............
Part Three
10. What particular value derived from using GeoBase? .
11. In what ways was GeoBase less useful than other 
possible teaching methods?......................
12. It would be of great assistance in evaluating this 
material if you could include copies of relevent 
supportive material, such as copies of lesson 




Teacher Evaluation of GeoBase
THIS FORM SHOULD BE COMPLETED EACH TIME A NEW DATADISC 
IS CREATED.
* delete as appropriate
1. Name :......................  School
2. Name of new Datadisc:
3. General description:.
4. For what purposes was the Datadisc created?
5. Please indicate the following database
specifications. Where possible, please explain the 
reasons for the decisions taken.
(i) grid (give dimensions and the area it coves):.



















6. Who organised the collection of data?
7 . Who collected the data. Please describe the data 
collection process:................................
8. Who supervised the data entry?
Appendices 7
9. How long did the database creation take (including 
all aspects of design and production)?............
10. Please indicate here the inadequacies of the data 
management facilities of the GeoBase system, with 
comments on how these could be overcome:.........
11. Please describe any supporting materials that were 
produced to support the database:.................
12. It would be valuable if you would send a copy of 
the Datadisc and supporting materials. Blank 
discs for this purpose can be obtained from the 
GeoBase project.
Appendices 8
A,5 Case study checklist
GeoBase Case Studies
These notes are not meant to dictate a particular style 
of writing for your case study, but we should like to 
see the following areas covered in each of the 
individual studies.
1. TEACHER'S NAME AND SCHOOL
2. PUPILS. Age, ability, number of pupils, etc. 
previous experience with computer, method of working, 
etc.
3. CURRICULIM RATIONALE,
(i) general description of the topic being 
studied and general aims of the exercise
(ii) how the topic is related to the 
school/class syllabus (or examination syllabus)
(iii) text book and other materials used 
(specific chapters, references etc. would help)
(iv) why you felt an approach using GeoBase 
would be useful.
4. PREPARATION
(a) Preparing or planning the database:
(for its construction or use of an existing 
database)
How you set about constructing or choosing the 
database.
How you chose the geographical area and the 
variables to be considered. Variables available? 
Sources used? How did you collect values of the 
variables? Format for transfer to computer? 
Details regarding size of the area, grid size 
etc. What problems did you meet? Solved? 
Unsolved?
(b) Preparation of supporting materials, 
classroom resources and lesson plans.
What sort of preparation was needed? (comparison 
with alternative methods of exploring the topic). 
Resources/materials used: (eg. worksheets, OS 
maps, books, software etc.) Methods of 
classroom organisation/management to be adopted?
(Please include copies of worksheets, plans, or 
any hints or notes you think would be helpful for 





How did you present the lesson?
How did it proceed?
What did you do and what did the pupils do?
Outcomes
What were the outcomes? (Please include specimens 
of their working if possible)
Specific lesson evaluation
How did the outcomes match up with the aims of the 
lesson?
OVERALL SUMMARY/EVALUATION
Bearing in mind the specific lesson evaluation in 5 
but looking above and beyond this, how did you feel 
about the lesson and the use of GeoBase?





The following pages list a selection of the databases 















This database was designed specifically 
to test the Geobase system. However, 
many teachers have found it a useful aid 




Producers: R.J.Scourse (Kings of Wessex Upper
School, Cheddar), S.Rushen (King Alfred 
School, Burnham- on-Sea), P.Webster 
(Backwell School, Avon)
Region: Mendip Hills







General: There is considerable variety of soil
type in the mendip area of Somerset 
particularly if parts of the neighbouring 
Somerset Levels are included in any 
study. This database is relevant to work 
in biogeography in *A* level geography. 
The database covers an area of 150 sq.kms 
and includes a small part of the lowland 
north of mendip, a broad part of the 
Mendip Hills, including the sandstone 
periclines of Blackdown and North Hill 
near Priddy, an area of 'Levels' SW of 
Cheddar and finally a small part of the 
'Wedmore ridge* in the SW corner.
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B.3 BRITISH ISLES
Producer: J.Bowkett (Hardenhuish School,
Chippenham)
Region: British isles
Grid size: 30 x 40
Variables: UK unemployment 1982 %
migration per region 1972-82 in 1000s 
government aid 1982, types of 
population density
General: This database considers some
socio-economic variables mapped across 
Britain. Originally its aim was to 
include it as part of an *0* level/CSE 
British Isles course, in a section 
designed to study regional differences.
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B.4 BRASIL
Producer: A,Stewart (St.Josephs School, Swindon)
Region : Brasil










General: The Brasil database was designed to
facilitate learning and understanding of
spatial relationships in a developing 
country - vital in most exam syllabi.
The correlation and overlay functions
also allow students to test their own
ideas about relationships between 
variables. For use with 5th and 6th year 








J.Bryanton (Writhlington School, 
Radstock), J.Green (Westwood St.Thomas 
School, Salisbury), P.Gregory (Beechen 
Cliff School, Bath), E.Hardiman 
(St.Gregory's School, Bath), C.Symons 
(Ralph Allen School, Bath).





amenities (lacking bath or shower) 
owner occupied






born (in New Commonwealth) 
distance (from city centre) 
house prices
This database was compiled by a group of 
classroom geography teachers who work in 
secondary schools in teh Bath area. The 
area covered by the database comprises a 
square of 7km x 7km. Data was collected 









A.Bishop, M.Price ('A* level students at 
St.Josephs School, Swindon)













new commonwealth born 
unskilled labourers 
white collar workers 
one parent families 
crime
house prices
This database was compiled as part of 
*A* level project work. It has also been 
used in conjunction with the Bath and 




Producer: J.Palfrey (Richard Huish College,
Taunton)
Region: Taunton Town














wlaking to work 
migrants
General: Designed mainly for sixth form work,
portraying a useful example of a smallish 
county town growing rapidly. Use in 
hypothesis testing or analysis of urban 
structure and applicability of models 
(try Mann). Interesting 
'non-correlation* between car ownership 
and walking to work.
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B.8 OLD CLEEVE
Producer: R.Wheeler (West Somerset School,
Minehead)
Region: Old Cleeve Parish, Somerset





General: The Old Cleeve Parish database allows
for the testing of relationships between
the variables of height, rock type, land 
quality and land use in a parish that 
extends from the West Somerset coast at 
Blue Anchor Bay inland for 10 kms to the 
Brendon Hills at altitudes of over 1000 
feet. 'The database represents a first 
attempt. With hindsight the variation in 
the survey data has not been wholly 
satisfactorily recorded due to the 
limitation of the cell size chosen.'
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B.9 WORLD
Producer: N.Andrews (John of Gaunt School,
Trowbridge)
Region: Selecting countries of the world
Grid size: 65 x 45
Variables: GNP per capita US $
agricultural labour force (% employed)
birth rate
food supply per head 




aldult literacy (% population)
General: This is a database designed to highlight
patterns of contrast in development 
between selected DEVELOPED and DEVELOPING 
countries. It is designed for use with 
pupils of all ranges from 1st year to 2nd 
year 'A* level, depending on the level of 
work and concepts which the teacher 
wishes to use. The contrasts are 
highlighted by the use of the variables 
listed on te attached sheet. These may 




Producer: D.Horne (Clarendon School, Trowbridge)
Region: Porlock Weir, West Somerset






General: A freshwater stream crosses the sea
shore at Porlock Weir. The change in 
salinity caused by this freshwater stream 
changes the pattern of plant and animal 
life on the sea shore. The database 
illustrates how physical variables 
influence the distribution of plants and 









P.Webster (Backwell School, Avon),




















Variables have been compiled from 
'workplace zone' data provide by the 
Bristol Planning Department and were 
chosen (from many) on the criteria of 
social interest and concern, likely 
relevance and otherwise limited 
availability. 'It is hoped that the 
variables have considerable intrinsic 
significance, and when combined may throw 
















This database was produced in order to 
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Preface
This is the first of two booklets supplied with the GeoBase spatial- 
interrogation system. It is designed to provide an introduction for first-time 
users of the system, giving a broad picture of the interrogation facilities 
offered by GeoBase.
Each figure in this booklet is accompanied by a list of steps that can be 
followed by first-time users in order to produce the figure. Thus, as well 
as providing readers with a general impression of the system, this booklet 
may also be used in a ‘hands-on’ situation whereby the user can follow each 
step as it appears.
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1 Introduction
The GeoBase system
For many years geographers have utilised the ability of computers to process 
large volumes of information: the enormous output of the meteorological 
office is a classic example. With the advent of microcomputers in schools, 
and the development of software such as GeoBase, the facility for collecting 
and analysing such data is now feasible within the classroom.
It is inevitable that a system as powerful as GeoBase will demand a certain 
amount of knowledge and skill on the part of the user. The size of the User’s 
Guide bears wimess to this fact! However, the system has been designed 
so that beginners can produce excellent results with a minimum of fuss. 
For example, it is possible to produce choropleth maps by typing only two 
words: the command that tells the computer to draw a map, and the word 
that specifies which distribution should be mapped. All subsidiary con­
siderations -  such as choosing the shading patterns and colours -  can be 
left to the computer (this is known as the d e f a u l t  system, see Chapter 3).
As your confidence grows, you may well wish to take advantage of the 
more advanced features that the system provides. These will enable you 
to interrogate and analyse the data in more sophisticated ways.
H ow  to use this booklet
This booklet is designed as an introduction to the ways in which information 
can be analysed using the GeoBase system. Whilst it covers many of the 
techniques that are needed in order to display the information in different 
ways, it does not cover all the possibilities; these are described in the User’s 
Guide. Furthermore, it does not look at the techniques of creating or 
developing a databse; these are dealt with by the second introductory 
booklet. Making Databases.
If  you have yet to see the GeoBase system in operation then you may 
first of all wish to browse through this booklet in order to gain an overview. 
However, there is no substitute for ‘hands-on’ experience and it is 
recommended that you follow the examples given in this booklet with your 
computer. Above all, do not be afraid to experiment with the data interroga- 
tion facilities. You can do no harm whatsoever to the system or the informa­
tion contained on the Purbeck Datadisk!
S tartin g  up GeoBase
If  you intend to follow the examples given in the text then you should start 
up GeoBase by following the instructions given on the running sheet.
From the Main menu you should select ‘data interrogation’ by pressing
A. The display on the screen is now the Data Interrogation menu, and you 
are ready to follow the examples given in Chapters 3 to 5.
2 The Purbeck Datadisk
The h ie  o f Purbeck
The Purbeck Datadisk covers approximately 36 square miles. Useful 
reference maps are OS 1 :50000 Sheet 195 and 1 :25000 Sheets SY 87, 88, 
97, 98 and SZ 07 and 08. The area has been chosen as one which is often 
used for fieldwork because of the opportunities available. The geological 
structure has led to some classic examples of differential erosion, and clear 
relationships can be drawn between rocktype, relief, drainage, landuse, 
settlement and the communications network.
The g r id
The area of Dorset described above has been divided into many small squares 
(1692 to be exact). Figure 2.1 shows an outline of the Dorset coast super­
imposed upon the grid (47 x 36).
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Figure 2.1 The Purbeck outline map superimposed upon the grid.
T he main criteria for choosing the grid size were
1. that the squares were not so small as to make it too time-consuming 
or difficult to collect and enter the information; and
2. that the grid was detailed enough to allow meaningful investigations to 
be attempted.
6  THE PURBECK DATADISK
The variables
Each of the small grid squares representing a land area has been given values 
for altitude, rocktype and landuse. These values were taken from maps 
of the area. Table 2.1 shows the categories used for each of the variables. 
It is not important to understand all that this table contains at this stage. 
However, note that the three variables are called a l t i t u d e ,  r o c k t y p e  and 
LANDUSE, and that whilst the first, a l t i t u d e ,  has a numeric value, the latter 
two are ‘string’ variables containing literal descriptions, abbreviated as 
shown.
Variable







Range {or values) and 
units {or abbreviations)
0-650 feet to the nearest 10 feet
ba -  Bagshot Beds 
ch -  Chalk
ki -  Kimmeridge Clay 
lo -  London Clay 
Ip -  Lower Purbeck 
mp -  Middle Purbeck 
po -  Portland Stone 
we -  Wealden
l a n d u s e LS
Table 2.1
string Agricultural land: 
g2 -  grade 2 
g3 -  grade 3 
g4 -  grade 4 
g5 -  grade 5 
Other landuses: 
ur -  urban 
ot -  other 
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Figure 2.2 Basemap 2 {settlements).
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Figure 2.3 Basemap 3 {drainage).
The basemaps
As well as the three variables mentioned above, the Purbeck Datadisk also 
contains three outline maps. You have already seen the first of these in Figure
2.1. The second basemap, showing the main settlements, is shown in Figure 
2.2 and the third basemap, showing drainage patterns, in Figure 2.3.
Using the Purbeck D a ta d isk
The following chapters show how it is possible to combine the basemaps 
with the variables to highlight features of the Purbeck area. Bear in mind, 
however, that the Purbeck Datadisk should not necessarily be seen as an 
end in itself, but as a model for creating and interrogating other Datadisks.
3 Drawing maps
The ^maps^ u tility
At this stage the computer’s monitor should be displaying the Data 
Interrogation menu. If it is not, refer to Chapter 1. The Data Interrogation 
menu displays a list of the interrogation utilities available to you;
Data Interrogation
A. maps
B. cross sections 
c. statistics
D. return to Main menu
E. end
This chapter deals with GeoBase’s ability to draw maps, so press the 
key marked A. There is no need to press the key marked RETURN.
The upper three-quarters of the screen (called the ‘mapping screen’) 
will clear and, after a pause of a few seconds, basemap 1 of the Purbeck 
Datadisk will appear on the screen. At the base of the screen will appear 
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Figure 3.1 Map of rocktype.
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S im ple m aps
Perhaps the most useful feature of the GeoBase system is its ability to draw 
choropleth maps.
Figure 3.1 shows a simple map of r o c k t y p e ,  together with the command 
that tells the system to draw the map. Enter that command now; that is, 
type the letters
map rocktype
(in upper or lower case) and then press the key marked RETURN . In four 
or five seconds the map will appear! If  you are lucky enough to have a colour 
monitor then the map will be shaded in red with the coastline drawn in 
white. If  the map is hazy or dull, try adjusting the contrast and brilliance 
controls on your monitor.
Note that the key to the map describes the different shading patterns 
in terms of abbreviations; to find out what these stand for you should refer 
to Table 2.1.
Figure 3.2 shows how a simple map of a l t i t u d e  can be drawn. This time 
the key consists of four equal class intervals with each class interval indicated 
in numeric terms.
clear then map altitude
550
162
t i jd I and 
Head
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Figure 3.2 Map of altitude.
The CLEAR a n d  CLASSES co m m a n ds
T he command that instructs GeoBase to draw the map in Figure 3.2 contains 
the keyword c l e a r .  This simply instructs GeoBase to clear the last display 
before drawing the new map. The majority of command lines start with 
the keywords c l e a r  t h e n ,  and so the GeoBase system provides a special 
abbreviation for these commands, namely a full stop. The command 
indicated in Figure 3.2 could be abbreviated to
10 DRAWING MAPS
.MAP ALT
Thus, any command line that is preceded by a full stop will cause the 
mapping screen to clear before implementing the specified command.
In the case of Figure 3.2, GeoBase chose to draw the map of altitude 
with four classes. However, it is possible to draw maps with any number 
of class intervals between two and eight. Figure 3.3 shows the same map 
(of altitude) drawn with two classes. This time the m ap command has been 
extended to include a command ( c l a s s e s )  that tells GeoBase the number 
of class intervals it should use.





Figure 3.3 Map of altitude (2 classes).
VALUES a n d  DEFAULTS
It is possible to distinguish three types of GeoBase commands: d o  com­
mands, HOW commands and i n f o r m a t i v e  commands. The m ap and c l e a r  
commands are examples of d o  commands, whereas the c l a s s e s  command is a 
HOW command since it tells GeoBase how to draw a map. This section 
introduces an i n f o r m a t i v e  command, v a l u e s ,  and another h o w  command, 
DEFAULTS.
The fact that the number of classes has been set to 2 in Figure 3.3 is 
remembered by GeoBase, and all subsequent maps will be drawn with two 
classes. This is because the c l a s s e s  ‘parameter’ has been set to 2. This does 
not apply to variables such as r o c k t y p e  and l a n d u s e  where the number 
of classes depends on the number of different values (abbreviations) used 
for the variable.
Occasionally you may forget how many classes you last specified, 
and so the system provides an i n f o r m a t i v e  command that will remind 
you. This is the v a l u e s  command. When you enter the command
VALUES
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(do not forget to press R ET U R N ) the map of altitude will disappear to be 
replaced by a list of the current settings of a num ber of h o w  command 
parameters (see Figure 3.4), of which c l a s s e s  is one. W hen you have finished 
looking at the current settings, press R ETU R N . T he map of altitude (or 










Figure 3.4 The output of the V A L U E S  command.
As well as remembering the most recent setting of parameters such as 
CLASSES, GeoBase also remembers a sensible value for the parameters, to 
be used if a value is not specified. Thus, when you first drew a map of 
altitude, GeoBase used four classes. This value is called the ‘default’ value. 
There are also default values for such things as the shading patterns and 
colours used in drawing maps. T he command
DEFAULTS
resets all these to their normal values. Enter the d e f a u l t s  command now, 
and then use the v a l u e s  command to check that the system has indeed set 
the num ber of c l a s s e s  to 4.
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Changing the class in tervals
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Figure 3.5 Using equal class sizes.
Figure 3.5 shows yet another map of altitude with two classes. However, 
the result is not the same as in Figure 3.3. As the command given with 
Figure 3.5 indicates, GeoBase has been asked to draw a map of altitude 
so that each area shaded is the same size, that is, an equal number of grid 
squares is allocated to each class. The class intervals needed to achieve this 
allocation are automatically calculated by GeoBase and entered on the 
legend. In the case of variables such as altitude this technique may not be 
of much use, but in other numeric variables, especially where there are a 
few very large or very small values, the e q u a l  c l a s s  s iz e s  feature may prove 
essential.
Note that all subsequent maps of altitude will now be drawn with equal 
class sizes. This is because the e q u a l  c l a s s  s iz e s  command is a h o w  
command and its current setting is remembered by GeoBase. If you wish 
to draw maps with equal class intervals (as in Figures 3.2 and 3.3) then 
you may either use the d e f a u l t s  command (which will also return all other 
HOW parameters to their normal values) or enter the command
EQUAL CLASS INTERVALS 
Use the v a lu e s  command to check that the desired result has been achieved.
Using the basemaps
So far all the maps have been drawn with the Dorset coastline superimposed 
in white. Figure 3.6 shows how you may superimpose other basemaps (in 
this case, basemap 3).
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clear then map rocktype with basemap 3
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Figure 3.6 M ap of rocktype with drainage superimposed.
Isoline m aps
Numeric variables can be displayed by isoline maps. For example, weather 
maps often show the pattern of atmospheric pressure by the use of isobars. 
GeoBase is capable of drawing simple isoline maps for such numeric 
variables. For example, it could draw contours to portray altitude for the 
Purbeck database.
An INFORMATIVE Command that will prove invaluable as you begin to 
explore the GeoBase system is the h e l p  command. Try it now by typing
h e l p
and press R ET U R N . T he current mapping screen display will disappear, 
and in its place GeoBase displays a list of the commands that are currently 
available, in alphabetical order. About half-way down the list is the entry
ISOLINE v a r , in te r v a l
This is the command that is used to draw isoline maps. Press RETU RN  
and the h e l p  message will be replaced by the previous mapping screen 
display. In  the h e l p  message, ‘var’ is short for ‘variable name’, and ‘interval’ 
refers to the numeric interval that is required between consecutive isolines, 
so to draw an isoline map of altitude with a contour interval of 100 feet 
you should enter the command
isoline altitude, 100
(you may have to clear the screen first). Figure 3.7 shows the result. To 
achieve this map you have to recall the first basemap by entering
b a s e m a p  1 
b e fo r e  t y p in g  th e  is o l i n e  c o m m a n d .
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clear then isoline alt, 100
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Figure 3.7 An isoline (contour) map of altitude.
The COLOUR command
The technique of drawing isoline maps is particularly useful when looking 
at the general relationship between two variables. Figure 3.8 shows how 
an isoline map of altitude has been superimposed on a map of landuse. The 
processes needed to draw this map are best understood if the map is built 
up in stages. First clear the screen by entering the command
clear
After a few seconds the basemap and the command line prompt will re­
appear. When they do, draw a map of landuse by entering the command
map landuse
The next stage is to change the colour in which maps are drawn, since 
it would be difficult to analyse a red isoline map that was superimposed 
on a red shaded map! This can be done using the c o l o u r  command.
Four colours are available, numbered 0 to 3. Colour 0 is black, 1 is red 
(this is the default setting, that is, the one the system will use if no other 
is specified by the user), 2 is green and 3 is white. Of course, on a black-and- 
white screen, red and green appear as shades of grey.
You should use either green or white for the isoline map. To select green, 
enter the command
COLOUR 2
Finally, draw the isoline map by entering
ISOLINE ALTITUDE, 200
to draw a contour map with a 200-foot interval. You may, of course, choose 
any interval you wish. The result is shown in Figure 3.8.
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clear then map landuse then isoline altitude, 200 with colour 2
Jd  I d.nd
I mi I c
r u r :
Figure 3.8 A contour map superimposed upon a map of landuse.
In actual fact all these commands may be entered as one command line:
clear then map landuse then isoline altitude, 200 with colour 2
However, until you become more experienced, it is good practice to divide 
long commands into natural units.
H ighlighting special fea tu res
One of the major advantages of using a computer is that it is able to make 
complex selective searches through sets of information with great rapidity. 
GeoBase has such a facility. Thus it is possible to select subsets of the data 
and display these as highlights on a map. Examples will serve to illustrate 
this facility.
Clear the current map from the screen by entering the command 
clear
and then enter the command
shade rocktype eq chalk with pattern 1
After a few seconds a new map will appear in the mapping screen with 
the chalk ridge highlighted (see Figure 3.9).
Now let us examine the command that gave rise to this map. The command 
begins with the keyword s h a d e .  This tells GeoBase that the highlighting 
feature is required.
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Figure 3.9 The areas where ‘rocktype eq chalk\
Next is the phrase
rocktype eq chalk
This describes the area we wish to shade; in this case we wish to shade 
those areas where ‘the rocktype is chalk’. The term ‘eq’ means ‘is equal 
to’ -  the system will also accept an equals sign ( = ). Finally, the command 
specifies that the areas where the rocktype is equal to chalk should be shaded 
with shading pattern 1. A diagram of the available shading patterns is given 
on the summary card and in the U ser’s Guide supplied with the GeoBase 
system.
Now let us suppose that we also wish to highlight the areas of Purbeck 
where the altitude is greater than 400 feet. The term ‘is greater than’ can 
be represented in command lines either as ‘g t’ or using the mathematical 
sign ‘ > ’. If  we are to superimpose these areas upon the previous map (which 
highlighted the chalk) then we must select a different shading pattern, say 
pattern 3. Hence the command becomes
shade altitude gt 400 with pattern 3 
The result is shown in Figure 3.10.
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shade alt >  400  with pattern 3




Figure 3.10 The areas of high land superimposed.
However, it is difficult from this map to tell exactly where the two subsets 
overlap, and so to complete the map you should type the command
shade (rocktype eq chalk and altitude gt 400) with pattern 6
and press R ETU RN . The result should be as Figure 3.11.
shade alt >  4 0 0  and rock = chalk with pattern 6
t udI a nd 
Head
P u r b e
Figure 3.11 Combining search operations.
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At the base of the screen a message indicates that 3 per cent of the Purbeck 
region (not including the sea) has chalk as its rocktype and is over 400 feet. 
You will have noticed that such a percentage is calculated each time a subset 
is shaded.
The parentheses used in the command above are not strictly necessary, 
but can be used if they serve to clarify the condition; as here.
As an exercise on some of this chapter’s commands, you could try drawing 
a map of the areas where the landuse is urban, superimposed on a basemap 
of drainage. You will have to clear the mapping screen first. The resulting 
map should be similar to that in Figure 3.12.
Head
Purbeck
Figure 3.12 A  map showing the urbanised areas.
For a more detailed description of GeoBase’s s h a d e  command you should 
refer to Chapter 5 and Appendix C of the U ser’s Guide.
R eturning to the menu
This chapter has only touched upon the mapping facilities that GeoBase 
provides, but hopefully has illustrated their potential. Chapter 5 of the User’s 
Guide describes the operation of all the commands that may be used in 
mapping the variables.
Before moving to the next chapter it is necessary to return to the Data 
Interrogation menu. This is done by entering the command
finish
T he Data Interrogation menu will then appear after a pause of a second 
or two.
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S u m m ary
This summary lists the; DOlcommands that have been described so far.
CLEAR This command clears the last mapping screen display (it can be abbreviated 
to
MAP This is used to map selected variables.
ISOLINE This keyword may be used to construct isoline maps.
SHADE This is used to highlight specific features.
FINISH This command returns control to the Data Interrogation menu.
4 Constructing cross sections
\
The ^cross sections^ u tili ty
The data being interrogated by GeoBase are distributed within a spatial 
framework, and one way in which geographers analyse such data is to draw 
cross sections and transects. GeoBase has been designed to cater for this 
and the task is covered by the ‘cross sections’ utility.
I f  you have been following the examples in the last chapter, the mapping 
screen will currently be displaying the D ata Interrogation menu, otherwise 
call the menu as described in Chapter 3. T o  select the cross sections utility 
from this menu, press the key marked B.
After a few seconds the mapping screen will go blank, and the command 
line prom pt will appear at the base of the screen (remember, this is a colon).
H ow  i t  w orks
T he technique of drawing cross sections has two straightforward require­
ments. Firstly, two endpoints labelled A and B are moved on the basemap 
until they lie at each end of the line of section that you require. These two 
points may define a line of section that runs in any direction and may be 
of any length.
Secondly, you simply tell GeoBase which variable should be sectioned; 
in the case of the Purbeck Datadisk, either altitude, rocktype or landuse.
M o vin g  the endpoints
W hen you first enter the ‘cross sections’ utility, the screen will be blank 
apart from the colon. T he first task is to move the two endpoints, A and
B. T he command that tells GeoBase that you wish to move these points 
is
move
Type this and press R ET U R N . After a short pause, the Purbeck coastline 
will appear. Look at it closely and you will find that an A has appeared 
in the bottom-left corner of the screen and a B in the top-right corner. These 
are the two endpoints. At the base of the screen a ‘prom ptline’ will have 
appeared. This gives a list of the keys you may press in order to move the 
two endpoints:
(A,B,D,G ,H elp,L,R ,U,RETURN):
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Table 14.1 shows the options that these keys represent.
Key Effect
A move endpoint A





G Goto a specified grid square
H print the H ELP message
R ETU R N draw cross sections
Table 4.1 The m o v e  options.
To move an endpoint, first select that endpoint by pressing either A or B, and 
then repeatedly use the Up, Down, Left and Right options until the endpoint 
is positioned correctly. For example, to move endpoint A to the position 
shown in Figure 4.1 press A and then press U twelve times. Then press B and 
use the U, D , L and R keys to move endpoint B to a position close to that 
indicated in Figure 4.1.
move
Head
Figure 4.1 Moving the endpoints.
When you are happy with the positions of the endpoints, press the RETU RN  
key. Once again the mapping screen will go blank, and the command line 
prompt will reappear at the base of the screen.
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D raw ing  a cross section
Once the endpoints have been positioned you may draw a section between 
them, displaying any of the three variables contained on the Datadisk. If  
you need reminding of the variables that are on a Datadisk, enter the 
command
list
and a list of the variables present on the Datadisk will be displayed. Press 





Figure 4.2 A  cross section o f altitude.
Figure 4.2 shows a cross section of altitude. To obtain this, enter the com­
mand
section altitude
and press RETU RN . After a few seconds, the section shown in Figure 4.2 
will appear. You may feel that the vertical exaggeration is excessive, but 
remember that the system has an internal set of default values that it uses 
unless you specify otherwise. In this case GeoBase has chosen the shading 
pattern, the key and the ‘amplitude’ as well as the vertical scale. With practice 
it is possible to change all these things to suit your tastes.
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clear then section rocktype
I  top
Figure 4.3 A  cross section of rocktype.
Figure 4.3 shows a cross section of rocktype between the same endpoints. 
The command that will tell GeoBase to draw this section is
clear then section rocktype
Just as with the maps utility, the c l e a r  command instructs the system to 
clear the screen before drawing the next section. Because rocktype is a 
measured in terms of words (abbreviations) rather than numbers, the 
appearance of the rocktype section is different from that of altitude shown 
in the previous figure. It appears as a diagrammatic band a type of transect.
In the rest of this chapter we will examine ways in which the system 
can be used to compare the cross sections of different variables between 
the same endpoints, and between sections of the same variable between 
different pairs of endpoints.
Superim posing cross sections
One of the best ways to illustrate the relationships between two or more 
variables across a line of section is to superimpose the cross sections, one 
upon another. Figure 4.4 shows how this can be achieved. This is especially 
effective when a ‘numeric’ section is superimposed on a ‘string’ section as 
in Figure 4.4.
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clear then section rocktype with key off then section altitude 
with pattern 0
/ \  A  / \  A
V V \ / \ /
xxxx
Figure 4.4 Superimposed sections of altitude and rocktype.
Any number of different sections can be superimposed by repeated use of 
the SECTION command without clearing the screen. However, with numeric 
cross sections it is sensible to set the shading pattern first (that is, the pattern 
that is used by GeoBase to fill the sections) to blank by the command
pattern 0
You will notice that no key is displayed in Figure 4.4. This is achieved 
by entering the command
key off
D isplaying more than one section
As an alternative to superimposing cross sections, GeoBase also provides 
a facility for drawing cross sections separately on the same mapping screen. 
The command that should be used to achieve this is the a d d  command. 
For example, to compare the cross sections of altitude and landuse, first 
enter the command
clear
(do not forget to press RETURN) and then construct a section of altitude 
using the command
section altitude
Then enter the command
add
The screen will momentarily clear, and then the cross section of altitude 
will be re-drawn in the top half of the mapping screen. There is now space 
below it for another section, so type
section landuse
and press RETURN. Figure 4.5 shows the result.
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key on then clear then section altitude then add section landuse
630
120
A L T I T U D E
‘USE
Figure 4.5 Sections of altitude and landuse.
Of course, if you are feeling confident you may enter the above commands 
in a single command line:
clear then section altitude then add section rocktype
Each time you issue the a d d  command the cross sections currently on 
the screen will be moved up to make room for a further section. Up to 
five cross sections may be viewed in this way.
One word of warning! Attempts to use the a d d  command to display two 
or more cross sections of string variables (such as rocktype or landuse) may 
result in a confused key appearing on the screen. To avoid this problem, 
enter the command
key off
This turns off the key and provides more room for the cross sections; to 
once again draw diagrams that include legends, use the d e f a u l t s  command 
or enter the command
key on
D isp la y in g  differen t sections
At any time during your examination of cross sections you may reposition 
the endpoints by using the m o v e  command. An alternative method of 
defining the line of section is to use the e n d p o i n t s  command. This allows 
you to specify the endpoints in terms of the database grid. Before using 
this command you will need to know the extent of the grid; this can be 
found by entering the command
explain
T his will cause the Explain menu to be displayed. Pressing A in response 
to this menu will display the ‘database parameters’ such as its name and grid
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size. (Pressing B will provide information regarding the variables. Pressing C 
will return you to the cross sections utility and any section that was on the 
screen before you entered the e x p l a i n  command will reappear.)
Press A to find the grid size, and then return to the cross sections utility. 
You may also find it helpful to refer to Figure 2.1 when selecting the end­
points.
Now you may enter the new endpoints that you require. For example,
endpoints 10,12,40,35
will move endpoint A to grid square (10,12) and endpoint B to (40,35). 
If  you wish, you may use the m o v e  or v a l u e s  commands to check that the 
endpoints have indeed been moved by the e n d p o i n t s  command.
T he ENDPOINTS command has three advantages over the m o v e  command. 
Firstly, it takes less time. Secondly, it may be used to display sections 
between different pairs of endpoints on the same mapping screen. Thirdly, 
it can specify the position of a cross section that can be returned to with 
consistent accuracy at any time. As the m o v e  command can be slightly ‘hit 
and miss’, the endpoints command should be used whenever an exact 
positioning of A and B is required.
clear then section altitude with endpoints 11,3,12,36 then add 
section altitude with endpoints 1,24,42,35, pattern 3
420 _
\ \ \ \ \
430 
100
Figure 4.6 Two sections of altitude {a) from north to south (6) from east to west.
Figure 4.6 shows how the e n d p o i n t s  command may be used to compare 
cross sections between different pairs of endpoints.
E xiting  fro m  the U tility
As you become familiar with the commands used by the GeoBase interroga­
tion utilities you will realise that many commands are shared between the 
three utilities, c l e a r ,  e x p l a i n ,  h e l p  and l i s t  are four such commands. 
Similarly, f i n i s h  is used by all three interrogation modes to return control 
to the Data Interrogation menu. You should therefore type




and press R ET U R N  before moving on to the next chapter.
Su m m ary
Here are the d o  commands introduced in this chapter.
m o v e  This allows you to move the endpoints with reference to the basemaps.
SECTION This draws a cross section.
ADD This command allows you to display more than one cross section on the 
same mapping screen.
5 Using statistics
The sta tis tics  u tili ty
T he statistics utility is the third major interrogation facility of the GeoBase 
system. You may use this to gather simple statistical information such as 
averages and dispersions, draw histograms to illustrate and compare 
distributions, or undertake more complex hypothesis testing. Each grid 
square yields one value for each variable.
For a detailed description of the statistics utility you should refer to 
Chapter 7 of the U ser’s Guide.
You should at this point have a display of the Data Interrogation menu 
on your monitor. T he statistics utility is accessed by pressing C from this 
menu. There is no need to press R ETU R N .
After a few seconds the mapping screen will become blank and the 
command line prom pt will appear at the base of the screen. You are now 
ready to begin to analyse the Purbeck Datadisk in a statistical fashion.
S im ple  sta tis tics
T he first command we shall examine is the s t a t i s t i c s  command. This is 
used to calculate and list some of the more important statistical measures. 
For example, entering the command
statistics altitude
when using the Purbeck database will produce the display shown in Figure
5.1. At the top of the display the row labelled ‘Variable’ names the variable 
to which the values that follow refer, in this case a l t i t u d e .  T he second 
and third rows indicate that the figures refer to the entire Purbeck region; 
we shall consider these rows in more detail later.
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statistics altitude
V a r i a b l e  = A L T I T U D E  Subset ; a l l
M a t c h e d  : 100%
Lowest 0 
H i g h es t  -650
M ean : 239
S t a n d a r d  dev i a t i on : 134
M e d i a n : 2 2 Ù
Mode : 200
n : 1167
Figure 5.1 Statistics for altitude.
The next two rows indicate the lowest and highest points within the Purbeck 
area, and are followed by rows giving the mean, standard deviation, median 
and mode. Finally, the row labelled ‘n ’ gives the total number of grid squares 
for which data was available; this is useful information when testing such 
things as the significance of differences.
Now enter the command
statistics rocktype
You will remember that the two variables, rocktype and altitude, are 
different in nature, in that altitude is measured in numbers and rocktype 
is recorded in letters (abbreviations). I t is therefore not surprising that the 
display given for altitude should differ from that for rocktype. Figure 5.2 
shows the result of the s t a t i s t i c s  command for the latter.
statistics rocktype
V a r i a b l e  ; ROCKTYPE 
S u ti s e t ALL
Matched ; 100%
Values : ba ch k i lo Ip rnp po w
M 0 de ■ b  a
n :116S
Figure 5.2 Statistics for rocktype.
The top three rows and the last row in Figure 5.2 correspond to the same 
rows in Figure 5.1. GeoBase has also calculated the modal (most common)
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value. However, there the similarity ends. In place of the mean, median 
and standard deviation GeoBase has listed the abbreviations that occur 
within the rocktype variable.
D raw ing histograms





A L T I T U D E  
Figure 5,3 A  histogram of altitude.
Figure 5.3 shows a simple histogram of the distribution of altitude. It was 
achieved by entering the command
histogram altitude with pattern 3
As in many previous cases GeoBase has used its default values in drawing 
the histogram. However, you may believe that in this case it has not resulted 
in a very pleasing, or useful, histogram.
clear then histogram altitude with classes 16 
range 0 ,8 0 0 ,step 100
15:
0 100 200 300 400 500 600 700 800
A L T IT U D E
Figure 5.4 Histogram of altitude using predetermined settings of R A N G E j 
STEP and CLASSES chosen to produce a more meaningful effect.
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Figure 5.4 shows how this histogram may be improved. T he command 
range 0,800
has extended the horizontal axis to cover the range 0 to 800 feet, whilst 
the command
step 100
has informed GeoBase that it should label the axis at intervals of 100 feet. 
Finally, the command
classes 16
has set the num ber of classes used such that the class limits are unambiguous. 
Incidentally, the number of classes may range between 2 and 64. You will 
often find it convenient to choose values for s t e p ,  r a n g e  and c l a s s e s  so  
that the labels coincide with class endpoints.
Now we may begin to look at the more powerful features of the statistics 
utility. For example, how can we use GeoBase to compare the distribution 
of altitude over the Bagshot beds with the distribution over the chalk?
T he command that can be used in order to compare the two distributions 
is the SUBSET command. To understand this command you should cast your 
mind back to the s h a d e  command used in drawing choropleth maps, and 
discussed in Chapter 3. You used the s h a d e  command to highlight certain 
features of the Purbeck area. For example,
shade rocktype eq chalk
had the effect of isolating the chalk ridge. Similarly, when using the statistics 
utility, the command
subset rocktype eq chalk
will isolate the areas of chalk within the region. All subsequent commands 
will work as though only the isolated region was being considered. For 
example, the commands
clear
subset rocktype eq chalk 
histogram altitude
will construct a histogram of the distribution of altitude over the chalk. 
I f  you then enter
add histogram altitude with subset rocktype eq bagshot, pattern 4
the result will be as in Figure 5.5.
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histogram altitude with subset rock = chalk then add histogram 
altitude with subset rock = bagshot, pattern 4
T-r-
200 300 400 500 600 700 SOn
lOi — I---- 1---- 1---- 12 0 0. 3 0 0 4 0 [i 5 0 0 6 0 0 7 0 0 8 0 0
Figure 5.5 Comparing the distribution of altitude over the chalk (top) and 
the Bagshot beds.
N ote how the a d d  command has been used, in a way similar to the a d d  
command of the cross sections utility, to move the first histogram up the 
screen to make room for the second.
These diagrams can be augmented by using the output of the statistics 
command; for example, you could now record the results of the commands
statistics altitude with subset rocktype eq chalk 
and
statistics altitude with subset rocktype eq bagshot
O th er fa c ilitie s
In  this basic introduction it was decided not to cover all of the uses of 
the statistics utility, but you can gain an impression of its power by entering 
the command
HELP
which will display a list of the commands available to the user. For further 
information you should refer to Chapter 7 of the U ser’s. Guide.
R etu rn ing  to the menu
As with the other interrogation utilities, entering the command 
finish
will return  you to the Data Interrogation menu, from which you may select 
another interrogation utility or exit from the GeoBase system.
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S u m m ary
H ere are the d o  commands of the statistics utility that are covered in the 
text above; others are described in Chapter 7 of the U ser’s Guide.
STATISTICS This command is used to display a table of information relating to any 
specified variable.
HISTOGRAM T his command is used to draw histograms of selected variables.
ADD This command allows you to display more than one histogram on the same 
mapping screen.
SUBSET T his is synonymous with the s h a d e  command of the maps utility, and is 
used to isolate subsets of the database.
6 Other Datadisks
Purbeck is ju s t the s ta r ti
It is important to realise that the maps, diagrams and statistical measures 
derived from the Purbeck Datadisk serve only as examples of the results 
that can be achieved using the GeoBase system. In addition, the Purbeck 
database is only a fraction of the maximum size that the system is capable 
of handling.
It is intended that a library of other databases will be built up in the 
future and be made available for use with GeoBase, and users are also 
encouraged to develop their own. How to construct your own database is 
the subject of the accompanying introductory booklet Making Databases.
The illustrations which follow show some of the features of GeoBase when 
used with other Datadisks. Some of the examples are taken from a much 
larger database (the Bristol Inner City Datadisk) whilst others are taken 
from databases that have been created over two or three days (the India 








I rid i an Ocean
Figure 6.1 M ap of temperature distribution taken from an 'India Datadisk’.
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I nd I a
Figure 6.2 India Datadisk: map showing the areas o f (<2) high population 
(heavier shading) (b) low altitude.
e d m ! n s t  e r 
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Figure 6.3 M ap of unemployment taken from the ‘Bristol Inner City
Datadisk’.
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Figure 6.4 Three cross sections from the Bristol Inner City Datadisk.
n = 1304
Cor re I at ion 
coetti c i ent
0 . 85
NOTOUNED
Figure 6.5 The C O R R E L A T IO N  command is used here to correlate two 
variables from the Bristol Inner City Datadisk.
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1 Introduction
As soon as you feel sufficiently at home with the GeoBase system to be 
aware of the opportunities it offers, you may want to develop your own 
databases. By doing this you will be able to avoid many of the limitations 
(for example, in term s of area and topic) which inevitably occur when you 
use a Datadisk produced by someone else. The time it will take to produce 
a Datadisk containing a database which is tailored to your needs should 
be time well spent.
Such databases can be very different in scale, area, complexity, and the 
amount of work needed to produce them. They will vary according to:
1. the purposes for which you intend them to be used;
2. the ease with which you can gather data of the right type to form the 
database;
3. the time you have available; and
4. who you expect to carry out the work. For example, it would often be 
a very worthwhile exercise if you cooperate with other teachers, all shar­
ing the workload. T he result could be a much more detailed database than 
a single person would be likely to produce, and could offer more possi­
bilities for use. In  some other instances, it could be useful to involve 
pupils in the process of seeking out, preparing and entering the required 
data. N ot only would this be helpful in the preparation of the disk but the 
involvement of the pupils in the actual process, with all the decisions and 
skills involved, could also be a very valuable part of their geographical 
education.
Some very effective databases can be formulated in a few hours. A good 
example is the N orth  Yorkshire Datadisk created by Julia Duckworth and 
described in the ‘Case Studies’ booklet in this package. Her data was derived 
from existing maps. A much more complex example is the Bristol Datadisk 
formed by Phil W ebster (Backwell School, Avon) which includes the max­
imum num ber of variables (16) entered on a 52 x 58 grid. Fortunately the 
GeoBase system makes the actual entering of the data a straightforward and 
easy task, but before this stage is reached a good deal of preparation is 
necessary to compile the data in the grid-based form required. T he Bristol 
data, for example, had to be extracted from census returns and translated into 
a form which was both compatible with the system and likely to be of 
maximum value for interrogative purposes.
The following chapters explain the construction of a database in two 
stages: firstly how to set about choosing the area and gathering the data 
(Chapter 2), and then how to enter the data on to a Datadisk (Chapter 3).
2 Creating a database
Having a clear idea of how you expect the database to be useful in your 
teaching will help you choose
1. t h e  REGION o f  y o u r  s tu d y ;  a n d










Figure 2.1 Flow diagram of the decision making environment.
In actual fact, as the flow-diagram (Figure 2.1) suggests, your choices will 
often interact so strongly that you will be considering both together. You will 
be thinking about the d a t a  v a r i a b l e s  you will need to study certain relation­
ships or to test specific hypotheses. This naturally leads to a consideration of 
the base g r i d  in which the data is to be stored, which in turn  may well take 
you back to thinking again about the regional limits to be used, and the 
possible BASEMAPS needed.
T o summarise, this apparently complex diagram simply shows that the 
decisions you make about each component of the database must be made 
while thinking about the other components, for they are strongly inter­
related. V
In the following discussion of the procedures needed to create a database, 
we have focused on a particular example using the Bath City area.
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C urricu lum  need
Teaching in the Bath area, GeoBase was seen as offering a particularly useful 
approach in considering the question. ‘W here do people like to live in Bath?’ 
T he value was seen to lie in having a spatially arranged database that 
included a num ber of variables which could be interrogated individually 
or in any required combination. T o  begin with, a few possible concepts 
were listed as shown in Table 2.1
CONCEPTS
T he im portance of altitude 
T he  effect of aspect 
Access to city centre shops 
distance? 
walking time?
Access to neighbourhood shops -  measured by distance?
Access to open spaces, for example parks -  walking time?
Access to schools -  walking time?
Table 2.1 Suggested variables fo r the Bath database.
It was soon evident that there were many possible concepts all related to 
the central them e of ‘choosing where to live’. I t was equally clear, even 
at this stage, that the theme offered considerable opportunities for dis­
cussion, with empirical evidence being available to complement value judge­
ments about how to measure a ‘best’ location.
From  the outset, the intention was that the database should be of value 
to a wide range o f ages and abilities. I f  the original database could succeed 
in helping pupils to understand the possible relationships portrayed by 
interrogating the data, it was hoped that other questions would be asked, 
new hypotheses suggested, and the search for additional data encouraged.
A r e a
T he assumption throughout was that urban Bath would be the study area. 
T his m eant that the study area was approximately square in shape and thus 
could be based on a grid which was designed to occupy much of the available 
screen space (Figure 2.2).
























—  R. Avon
Figure 2.2 Basemap 1, showing the city boundary and the River Avon, on an 8 
by 8 grid.
Note that a different shape grid -  for example, a tall rectangular area -  could 
lead to large areas of the screen being unused, and the study area being 
less clearly shown as a result. The ideal shape to use all the available screen 
is approximately a ‘horizontal’ 5 x 3  rectangle. I t is a good idea to check 
on the appearance of the grid by entering it on to a Datadisk and viewing 
it on the screen (see Chapter 3).
G rid
T he original suggestion was for an 8 x 8 grid with the side of each small 





However, as soon as this 8 x 8  grid was drawn, it became apparent that 
the grid squares were too large. After discussion with colleagues, also 
interested in using the same grid but with other study themes in mind, 
it was decided to work with a more detailed grid (cell size 0.20 km x 0.20 km).
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This more complex grid was thought to offer sufficient detail for some 
accurate spatial interrogation without causing too many problems when 
collecting data to match this degree of accuracy. As is usual in such cases, 
it was by no means certain how good a decision this was until the data 
collection was in progress. Consequently, it was very important that this 
should be tried out as thoroughly as possible before fixing the grid on the 
Datadisk.
In addition to the problem of ‘cell size’ (that is, the ‘fineness’ of the grid), 
it was also clear that the exterior grid limits might need to be changed. 
The existing grid did not include all of the suburban areas of Batheaston 
and Bathford and it was felt that this might prove to be a major limitation 
later. However, on balance it was decided to retain the original limits for 
this exercise.
At this stage it proved useful to draw the proposed grid on paper 
preparatory to making copies. T he grids were necessary to try out possible 
basemaps before putting them on the Datadisk, and were needed later 
for recording each variable.
B asem aps
Although the system allows three basemaps to be available, a preliminary 
decision was made about basemaps 1 and 2 only.
T he main basemap (basemap 1) was designed to provide a clear, un­
cluttered ‘frame of reference’ for the user. I t included only
1. the city boundary; and
2. the river Avon
as it was judged that this would give sufficient help for the user to locate 
different areas in the city. Being basemap 1, this acted as the default map, 
that is, the map to be used by the system if no other was specified (Figure 
2.2).
T he second basemap (basemap 2) showed the main road system. As 
GeoBase can, if requested, display all three basemaps at the same time, the 
relationship between basemaps 1 and 2 was checked by superimposing them 
on a light table to make sure that they combined without any unnecessary 
confusion.
I t was decided at this stage to postpone a decision on what to include 
on the third basemap (remembering that only three can be used) but various 
possibilities were noted:




T o begin with it was necessary
1. to consider the possible variables needed; and
2. to check on their availability.
Among those variables which were seen as being likely factors which could 
influence a person’s choice of where to live, two were ‘physical’: a l t i t u d e  
and ASPECT.
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1. ALTITUDE. The average height for the area covered by each cell was 
obtained from the relevant OS maps. The 1:10000 scale map was the 
clearest to use in the urban area. This variable is clearly ‘numeric’ and 
so the actual heights in metres above sea level could be entered.
2. ASPECT. It was decided that eight compass points would provide sufficient 
indication of the major aspect of an area without causing problems of 
interpretation. This was thus a ‘string’ variable and used the key letters 
as follows:
N  NE E SE S SW W NW
It is worth noting here that the data in both these instances were derived 
from published sources (in the form of OS maps which would be familiar 
to pupils), and the map interpretation could have been undertaken by 
the pupils as a simple, useful exercise. In the case of some other variables, 
such as census data, the map interpretation and related decision making 
might require much more sophistication by the data gatherer. 
Nevertheless, it could still be a very valuable experience of applying 
geographical skills for older and/or more able pupils.
In other instances (for example, collecting information on house prices, 
measuring walking times from the shopping area pupils could be engaged 
in fieldwork especially designed to obtain the needed information. Before 
this direct involvement in the data gathering, the pupils could help in 
deciding what data was required and how it could best be obtained. I f  
an aspect of the main topic was set as a problem to be solved -  perhaps 
being asked to find a good house location for a particular purchaser, such 
as an elderly couple who wished to be near the shops and a park while 
avoiding hilly areas -  then the pupils could be asked to explain how they 
could use GeoBase to suggest possible solutions. After the method was 
agreed, they could set up the necessary database.
A third possible variable can he u s e d ^  an example to illustrate some of the 
problems that can arise when preparing certain types of data such as census 
information.
3. POPULATION DENSITY. In the study envisaged, it could be very useful to 
know the num ber of people living in each area: either the total or 
for specific age groups. As the map extract (Figure 2.3) shows, the 
Enumeration Districts on which the data are based are widely varying 
in area and shape, clearly not providing an easy ‘match’ with the grid. 
W hen operating with data available in this form there are a number of 
decisions to be made early in the exercise.















Figure 2.3 The RaglandsfLarkhall districts of Bath, showing ED boundaries.
For example, it is necessary to follow a consistent method when 
considering the spread of the data over the area covered by the 
Enumeration District (ED). Whereas it would be easier to assume a 
uniform distribution, this ignores the effect of different types of land 
occupancy within an ED and which are shown on OS maps.
Although absolute figures are sometimes advantageous, it was decided 
that it would be more useful in this case to translate the raw data into 
percentages, for example, the percentage of people living in the area who 
are old age pensioners or of school age.
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Figure 2.4 highlights the decisions that must be made with regards to 
interpolation. Two policies are feasible: (a) an identical value is allocated to 
each of the grid squares that lie within an E.D.; or (b) values are ‘spread’ 






Figure 2.4 Detail of a Bath E.D.
Although we have concentrated on just three variables to indicate the initial 
stages of preparing a database, it is quite possible that a database of this 
type, focusing on a single theme of interest for the local area, could soon 
consist of the maximum num ber of 16 variables. When beginning a new 
database, however, it is suggested that a workable Datadisk with a few 
variables should be the first aim. Later, further variables could be added 
and existing variables amended or deleted. The procedure for amending 
and updating is so straightforward that the structure of the database could 
be changed relatively easily.
Throughout the whole data gathering process, and while entering the data 
on the grid sheets, it is helpful to be continually evaluating the earlier 
decisions concerning area, grid size, types of basemap, or concepts to 
examine. However, it is im portant to note that, apart from the grid itself, 
all these other features can be amended as required at a later stage.
3 Producing a Datadisk
Although, as suggested in the last chapter, the data gathering exercise is 
usually best done manually on grid sheets and then entered on to the D ata­
disk, there are some advantages in setting up the Datadisk as you go along. 
T he main advantage is to see how the grid and basemaps appear on the 
screen. If  you wished to change the grid size you would have to begin every­
thing afresh and would lose any data entered. I t is therefore both useful 
and encouraging to set up the Datadisk at the earliest opportunity.
In itia lis in g  the D a ta d isk
You m ust first check that you have a blank and formatted disk. If  you are 
using a brand new disk then you will have to format both sides of the disk 
to the specifications required by the computer. Instructions for formatting 
disks are provided with the computer, but if you are uncertain of this process 
then you should seek a colleague’s advice.
T he formatted disk may then be initialised (turned into a Datadisk) by 
GeoBase.
T o do this, you should enter the GeoBase system by following the 
instructions on the running sheet. From  the Main menu, select the data 
management utilities by pressing B. This will display the Data Management 
menu, from which you should select option A, the ‘edit Datadisk param eters’ 
utility.
A t the base of the screen, a message will ask you to insert the new (blank) 
disk into drive B (the lower drive, or right-hand drive). W hen you are sure 
that the correct disk is inserted into drive B, press the key marked R ET U R N . 
If GeoBase responds with
D isk error -  continue? ( y /n ) :
then there is a high probability that you have not formatted both sides of 
the Datadisk, in which case you should respond by typing N , press F to 
exit from the Data M anagement menu, and then re-format the disk.
I f  GeoBase accepts the disk then you will be requested to enter various 
details about the Datadisk such as its name and description.
T he first request from GeoBase will be for the title. The system will 
prom pt you with
Enter name for Datadisk,
t h e n  p r e s s  e sc
and a cursor will appear at the top left of the mapping screen. You should 
then type in the chosen name for your Datadisk using the D E L T  (delete) 
key if you make a mistake. You may use a maximum of 30 characters. W hen 
you are happy with it, press the key marked ESC. For the example database 
described in this booklet, the name might be
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HOUSE LOCATION -  BATH
T he next prom pt to appear at the bottom of the screen is
Enter date of creation, 
then press e s c
Just as before, enter the date, followed by ESC. Again you may include up to 
30 characters (letters, digits or symbols) so use whatever format for the date 
that you desire. For example
MARCH 1985
You will now be prompted to enter a name and address. This facility is 
provided for the information of other users who may require advice 
regarding the content of the Datadisk.
Enter name & address of creating body, 
then press e s c  -  you may use r e t u r n  
to generate new lines
You will have noted that GeoBase will now allow you to use carriage 
returns (that is, new lines) so that the name and address can be entered 
in a conventional format. Press R ET U R N  to move the cursor to the 
beginning of the next line. Again you may use the delete key if you make 
a mistake. A maximum of 128 characters is permitted for the name and 
address. For example, you might enter
School of Education 
University of Bath
Should you prefer to remain anonymous (for whatever reason!) simply press 
ESC in response to the prompt.
GeoBase will then prom pt with
Enter description of Datadisk, 
then press e s c  -  you may use r e t u r n  
to create new lines
H ere you should include any information relevant to the region covered 
by the database and other information that is of direct relevance to the data. 
Use R E T U R N  and the delete key as required. You may fill the entire 
mapping screen with information. Press ESC when you have finished.
G rid
Finally, GeoBase will prom pt you to enter the grid size that is to be used 
for the database. Remember that this instruction is very important because 
the grid cannot be changed in any way once it is entered (except by re­
formatting the disk).
T he maximum number of horizontal grid squares allowed by GeoBase 
is 253; the maximum permitted number of vertical squares is 177. However, 
the total num ber of grid squares must not exceed 4094. In  deciding on the 
grid size you should therefore check that the number of horizontal grid 
squares multiplied by the number of vertical squares is less than or equal to 
4094.
For exâniple, GeoBase will prom pt with
Enter no. of horizontal grid squares, 
then press e s c
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to which you might reply with 
40
Press ESC, and GeoBase will prom pt with
Enter no. of vertical grid squares, 
then press e s c
Note that the grid you select need not be square. As noted earlier, the 
mapping screen is slightly wider than it is tall, so rectangles that are ‘long’ 
rather than ‘tall’ will use the screen more effectively.
W hen the grid size has been entered, GeoBase will return to the Data 
Management menu. At this stage it is always a good idea to look at how 
the grid will appear on the mapping screen (that is, the upper three-quarters 
of the screen where maps and diagrams appear). To do this, select the ‘edit 
basemaps’ utility by pressing C. The mapping screen will clear and a message 
will appear at the base
Recall which Basemap? (1, 2 or 3):
Since no basemaps have yet been entered you may simply press the 
R E T U R N  key in response to this prompt. The message at the base of the 
screen will be replaced by the ‘edit basemaps’ utility’s promptline:
(A ,B ,C ,D ,E ,F ,G ,H elp ,L ,M ,P ,R ,S ,U ):
If  you now select the G  (Grid) option by pressing G, the grid will appear 
on the mapping screen. This will give you some indication of how effectively 
the grid uses the space available on the mapping screen. If  you have chosen 
a grid size that contains a great many horizontal or vertical grid squares 
then it may be that the grid does not appear to use the screen to best effect. 
If  this is the case then you should refer to Chapter 8 of the U ser’s Guide, 
and perhaps reconsider the grid size.
Remember that the grid size may only be changed by (a) re-formatting 
the disk and (b) re-initialising the Datadisk, as described above.
C reatin g  an d  editing  basem aps
The system allows you to enter three basemaps which you can then use 
in any combination you wish. To draw the basemaps you need to select 
the Data Management menu and then press C to select the ‘edit basemaps’ 
utility. You should follow the same route if you wish to amend the basemaps 
at a later stage.
You will first be asked to enter the number of the basemap on which 
you intend to work, either 1, 2 or 3. I t is advisable to designate the map 
you expect to be most used as basemap 1. Indeed, if you intend to create 
only one basemap then this should always be basemap 1.
Enter the appropriate basemap num ber and then press R ET U R N . (As 
noted above, if you have yet to begin entering basemaps you may press 
R E T U R N  in response to this prom pt without entering a basemap number.) 
At the base of the mapping screen, a small cursor ( a ‘ + ’) flashes. Now press 
G, and the grid will appear on the mapping screen. You should use this 
grid as a reference to ensure that the basemap is correctly aligned with the data 
cells.
T he flashing cursor is moved by using the Up, Down, Left and Right 
options. For example, to move the cursor up, press the key marked U. W hen
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you first enter the ‘edit basemaps’ utility, moving the flashing cursor will 
have no effect on the basemap displayed. This is because the utility is in 
its Move mode. To draw lines and curves you should select the Plot mode 
by pressing P; the cursor will then leave a white trace behind it. By pressing 
E (which selects the Erase mode) you are able to use the cursor to remove 
any lines on the screen and thus correct any errors. If  you want to move 
the cursor again without either drawing or erasing, you use the M  key to 
operate the Move mode, that is, the one in which you began. T he utility 
also provides a facility for placing letters and symbols onto the mapping 
screen. For more information, refer to Chapter 11 of the U ser’s Guide.
V ariables
T o enter a variable on to the Datadisk and record its values in the grid 
you need to select the ‘edit variables’ utility from the Data Management 
menu (option B). GeoBase will respond by listing the variables that are 
already on the Datadisk. If  you have not yet entered any variables then 
this list will be blank. At the bottom of the screen GeoBase will prom pt
Enter name (max 30 chars)
and will then wait for you to type in a variable name (refer to Appendix 
B of the U ser’s Guide). If  you type in the name of a variable that already 
exists then GeoBase will move into its editing mode (see the next section). 
However, if a new name is entered GeoBase will prompt
New variable? ( y /n ) :
Pressing Y confirms that you wish to begin entering a new variable. Pressing 
N  will abort this utility and return you to the Data Management menu.
Assuming you pressed Y to indicate that you do indeed intend to enter 
a new variable, you will be asked to define whether the variable is of string 
(words or letters) or numeric type:
( s ) t r in g  o r  (N )u m e r ic ?  ( s / n ):
Press S if you wish to type in string data and N  for numeric data.
Following this, GeoBase will ask you to enter a short description of the 
variable. For example, you might enter
ALTITUDE
M etres above sea level to the 
nearest 10 metres.
A new variable has now been recorded on the Datadisk, although it does 
not as yet contain any data. The following section describes how the data 
may be entered.
E ditin g  a variab le
At this stage the mapping screen will contain a 3 x 3 ‘window’ (Figure 3.1). 
This window looks onto the grid and can be moved about the grid as 
required. The centre square of the window (indicated by ‘ > < ’) represents 
a special ‘cursor’; data is always entered in that square. Below and to the
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left of the window, coordinates give the exact position of the cursor and 
surrounding squares.
GeoBase vl.I
Figure 3.1 The ‘edit variables^ window.
Squares in the window that are fully blocked-in lie outside the grid, whilst 
the squares that are partially blocked-in represent those grid squares that 
as yet contain no data. T he latter are called ‘null squares’ and are ignored 
by GeoBase when interrogating the database. T hus they may be used to 
indicate those squares that lie inside the grid but outside the study area 
(at sea for example). At the base of the screen is the ready prompt:
>
indicating that GeoBase is expecting a key or C T R L  key to be pressed.
Values for the database are always entered into the cursor square. Data 
is therefore entered by moving the cursor to the appropriate grid square 
using C T R L  keys (for example, C T R L -U  moves the cursor window up 
and is accessed by pressing and releasing the key marked U  whilst holding 
down the C T R L  key) and then typing in the data. T he most efficient way 
to enter data is to start at the bottom-left corner of the grid, square (1, 1), 
and proceed in horizontal rows, that is, (1, 1), (2, 1), (3, 1), and so on. 
N ote that GeoBase automatically moves the cursor one square to the right 
after each value is entered, so this method will reduce the need to use the 
C T R L  keys.
For more information on the ‘edit variables’ utility, and for details on 
how to enter blocks of identical data, refer to Chapter 10 of the U ser’s Guide.
D ocum entation
After the time and thought you will have spent in designing and creating 
a Datadisk it will be useful to produce w ritten material to support its use. 
These materials could include the factual details of the database, ideas for its 
use in the classroom, and a list of background information which might be 
helpful. A checklist for documentation of Datadisks is given in Chapter 8 of 
the U ser’s Guide.
The GeoBase database system provides 
facilities for the display and analysis of 
spatial variations and intervariable 
relationships. Three main analytical 
techniques -  mapping, sectioning and 
statistics -  provide the user with a flexible 
means of interrogating large amounts of 
spatial data. Most importantly, GeoBase 
provides a medium for the storage of data 
collected by the user. Once entered onto a 
‘Datadisk’ using a powerful editing facility, 
this data may be directly interrogated.
The variables are viewed one against 
another within a framework of basemaps.
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Preface
T he D epartm ent of Industry ’s schemes to introduce computers into educa­
tional establishments, and the emergence of the Microelectronics Education 
Programme (MEP) as a national funding, training and coordinating body, 
have inspired an energetic reappraisal of computer assisted learning and of 
curriculum development in general. Geographers have been quick to exploit 
these new developments; and rightly so, for it is becoming increasingly 
clear that geography teaching stands to benefit from the new technology as 
much, if not more, than other disciplines. W ith this in mind the GeoBase 
project was supported as part of the M EP curriculum development work in 
the South West region.
T he computer can fulfil a variety of roles within the classroom but the 
essence of its power lies in its facility for storing large amounts of information 
and for the speed with which, given an appropriate program, it can retrieve, 
analyse, manipulate and display it. The information used by geographers, 
however, is normally linked to its distribution over some region and we 
believe that for geographers to exploit the com puter’s power they need a 
means of programming the com puter to display and analyse such spatial data. 
GeoBase has been developed for this purpose and provides a system for 
analysing grid-based data, using shaded maps, sections, graphs and statist­
ical techniques. I t enables teachers to produce very rapid displays and to 
analyse spatial variations of single sets of data or intervariable relationships.
The system has been used in the classroom to interrogate several different 
types of database, largely compiled by teachers, with a variety of variables, 
from socio-economic data on inner cities to climate and land use in India. 
In  trialling the material we have also found that it has been amenable to 
differing styles of teaching and has involved both teachers and pupils in 
exploring and enquiring about real data in ways which were not easy before. 
I f  microcomputers are to be integrated into classrooms, teachers have to 
be convinced that they offer something above and beyond more traditional 
resources, and we hope that GeoBase will prove to be an extra aid to learning 
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Section A The GeoBase system
1 Introduction
T he U ser’s Guide provides a detailed account of how the GeoBase system 
works and how it is controlled. Supplementary material is provided by two 
smaller introductory booklets that cover the way in which GeoBase can be 
used to
1. interrogate data by using maps and diagrams; and
2. create and edit databases.
U sing this m anual
This manual is divided into three sections. In Section A, this introductory 
chapter and Chapter 2 give an overview of the GeoBase system and its 
structure; Chapters 3 to 7 (Section B) describe the interrogation facilities; 
and Section C, Chapters 8 to 12, deals with the methods used to create and 
edit Datadisks. In  addition, the Appendices cover the more technical aspects 
of the system’s operation, and will provide useful sources of reference for 
more experienced users.
The G eoB ase system
T he GeoBase system consists of a num ber of interlinking computer pro­
grams called UTILITIES. These utilities are stored on a floppy disk called 
the GeoBase s y s t e m  m a s t e r  disk.
The utilities fall into two categories. The first group is the d a t a  
INTERROGATION Utilities. These allow data to be displayed and analysed. 
The DATA MANAGEMENT Utilities permit data to be created and edited.
T he GeoBase system works with three types of data structures. Firstly, a 
GRID divides a region into a num ber of squares. Secondly, each grid square 
may be assigned up to 16 different values called v a r i a b l e s .  For example, 
each grid square might contain a value that describes its population density; 
in this case the v a r i a b l e  n a m e  might be ‘population’. Some variables, like 
population, are quantities and are measured in numeric values; these are 
called NUMERIC variables. O thers are qualities (rock type, for example) and 
are called s t r i n g  variables; in a string variable each grid square is allocated 
a word rather than a num ber, b a s e m a p s  are the third data structure. These 
are outline maps of the region that is covered by the grid.
T he three data structures are interdependent. Together they form a 
DATABASE. T he database is physically stored on a d a t a d i s k .
2 Controlling GeoBase
This chapter deals with the techniques used to control GeoBase. Three 
different systems of control are employed to provide maximum flexibility: 
menus, promptlines and command lines.
M enus
T he menus provide the user with a simple method of selecting the main 
utilities that comprise the GeoBase system. When the system is started up 
the user is presented with the M ain menu. This points to two other menus, 
the Data Management and Data Interrogation menus. These in turn  provide 
‘gateways’ to the main utilities that make up the GeoBase system. 
Figure 2.1 on the next page, shows how the menus link together the various 
parts of GeoBase. T o  select an option from a menu simply press the key 
corresponding to the option letter indicated in the menu. There is no need to 
press the R E T U R N  key. Each of the three menus is dealt with separately 
below.
The M ain m enu
This is the menu that is displayed when GeoBase is started up:
GeoBase Interrogation System
A. data interrogation
B. d a ta  m a n a g e m e n t  
c .  e n d
Pressing A will cause GeoBase to display the Data Interrogation menu (see 
Figure 2.1); B will display the Data Management menu; and C will cause 
GeoBase to end. (Do not forget to remove the disks before you switch off 
the computer.)
The D ata Interrogation  m enu




B. cross sections 
c. statistics
D. return to M ain menu
E. end
This gives access to the three methods by which the data held on a Datadisk
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Figure 2.1 Controlling GeoBase. The bold boxes are menus; broken boxes 
represent utilities; arrows show the different routes that can be taken through 
the system.
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may be analysed. I t also displays options to return to the M ain menu and 
to exit from the system.
T he maps utility can be used to draw choropleth and isoline maps; the 
cross sections utility is used for constructing cross sections between specified 
endpoints; and the statistics utility displays statistical information, histo­
grams and scattergrams.
The D ata M anagem ent m enu
Selecting option B from the Main menu will cause the Data Management 
menu to be displayed:
Data Management




E . . return to Main menu
F. end
These utilities are used to change the information held on a Datadisk, so 
before using them users should refer to the relevant chapters in this manual 
and to the Making D a t a b a s e s However, a brief summary of their 
functions is given here.
T he ‘edit Datadisk parameters’ utility (option A) is used for setting up 
a new Datadisk and is the first utility you should use when creating your 
own Datadisk. This is also used to update the general information (such 
as the Datadisk’s name) that is held on all Datadisks.
U tility B, ‘edit variables’, allows you to create a new variable or to update 
a previously established one. Using this utility you may type in the actual 
values that make up a database.
T he ‘edit basemaps’ utility (option C) allows you to create or edit any 
of the three basemaps held on the Datadisk.
T he ‘copy Datadisk’ (option D) utility permits copies to be made of 
selected variables, the basemaps, and the Datadisk parameters. You should 
use this option regularly when creating databases to provide backup should 
your master Datadisk be damaged or lost. T he utility also allows you to 
combine Datadisks and to transfer variables and basemaps from one database 
to another.
P rom ptlin es
T he ‘prom ptline’ command structure is used primarily for controlling the 
data editing facilities. Each promptline consists of a list of letters, each one 
of which corresponds to an option that is currently available. Pressing an 
indicated key gives access to the selected feature. For example, the prompt- 
line below lists the options available when creating or editing basemaps.
(A ,B ,C ,D ,E ,F ,G ,H elp ,L ,M ,P ,R ,S ,U ):
Pressing U  will move a small flashing ‘graphics cursor’ up, whilst pressing P 
will put the utility into its ‘plot mode’ (which means that the cursor will 
plot a line on the maps as it is moved), and so on.
All promptlines contain the word ‘H elp’, and pressing H  will display a 
list of the options available and their corresponding option letters.
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C om m and lines
Just as ‘promptlines’ are used to control the data management features, so 
‘command lines’ are used to give access to GeoBase’s powerful interrogation 
facilities. A detailed explanation of command lines is given in Chapter 3. 
However, a few examples given here will serve to illustrate the command 
line technique.
A command line is a sentence that is typed by the user to pass instructions 
to the system. The sentence is composed of words taken from the GeoBase 
vocabulary. Although GeoBase understands more than 30 different words 
it is possible to achieve good results using only a few such keywords.
Command lines may be typed in upper or lower case letters. For example, 
the command
HELP
is equivalent to the command 
help
Both will display a summary of all the keywords that are relevant to the 
current task. Another useful command is
CLEAR
T his causes the screen to clear in readiness for the next command. The 
CLEAR command may be combined with others to form more complex 
command lines, as in
CLEAR t h e n  m ap  POPULATION USING COLOUR 2, CLASSES 5 
clear then section altitude with pattern 4, amplitude 50
Beginners may prefer at first to break each command into its separate com­
ponents (see Chapter 3). However, as you become more experienced you 
will find that the command line format provides a powerful and flexible 
method of control.
Section B Interrogating data
3 Command lines
One of the biggest problems with using computers is that of communica­
tion between user and computer. In order to overcome this problem it is 
necessary for both the computer and the user to make compromises. The 
command line structure used by GeoBase has been designed such that the 
compromises that you m ust make are as painless as possible!
T he vast majority of the ‘commands’ or ‘keywords’ used by the system 
are in standard English. These may be built into sentences or ‘command 
lines’. Each command line tells GeoBase what to do and how to do it.
Three types o f  com m and
GeoBase’s vocabulary may be divided into three types of commands:
1. Firstly, there are the commands that instruct the system to d o  something. 
MAP, for example, tells GeoBase to draw a choropleth map, s e c t i o n  tells 
it to construct a cross section, c o r r e l a t e  tells it to draw a scatter diagram 
and calculate the correlation coefficient, and c l e a r  instructs GeoBase 
to clear the current display.
2. Secondly, there are commands that tell GeoBase h o w  to do it. These 
HOW commands include such keywords as c o l o u r  (which tells GeoBase 
which colour to use), p a t t e r n ,  and c l a s s e s .
3. Thirdly, there are i n f o r m a t i v e  commands such as h e l p  and l i s t  which 
provide information about the system.
T he i n f o r m a t i v e  commands always produce a change in the current screen 
display, but this is only temporary. They are normally used in isolation, 
that is, they form the only command entered in a command line. However, 
the DO and h o w  commands may be combined using the keywords w i t h ,  
USING and t h e n  to give a clear and readable structure to each command 
line that is entered.
C om m and com binations
W ITH a n d  USING
T he keywords w i t h  and u s i n g  are in fact exactly equivalent but are both 
included in the GeoBase vocabulary to allow maximum ‘readibility’ in the 
commands. Each may be used to separate d o  commands from h o w  com­
mands. In  general a command line will begin with a d o  command as in
MAP ALTITUDE
1 2  COM MAND LINES
this may be followed by w i t h  or u s i n g  and then a list of ‘parameters’ that 
specify h o w  it should be done. For example
MAP ALTITUDE USING CLASSES 5, COLOUR 2, KEY ON 
and
MAP ALTITUDE WITH CLASSES 5, COLOUR 2, KEY ON
will tell GeoBase to construct a choropleth map of altitude. T he map will
be drawn with five classes, in green, and with a legend (key). Note that
the HOW commands are separated by commas.
An alternative approach is to tell GeoBase h o w  to do it before actually 
telling it what to do. Thus the sequence of commands
KEY ON (h o w )
CLASSES 5 (h o w )
COLOUR 2 (h o w )
MAP ALTITUDE (DO)
will cause the same map to be drawn. This approach is possible because 
GeoBase does nothing until you enter a d o  command, but it remembers 
the current setting of all the h o w  parameters. For example, once you have 
set
COLOUR 2
then all maps will be drawn in green until you specify otherwise. This 
represents a major labour-saving device since h o w  commands need not be 
repeated in each command line. T he v a l u e s  command (an i n f o r m a t i v e  
command) may be entered at any time to provide a reminder of the current 
settings of the h o w  parameters.
Quite often you will wish to include more than one d o  command in a 
command line. One of the most common examples of this is when you wish 
to clear the screen before drawing the next map. However, this presents 
a problem in that GeoBase needs to know the order in which the d o  
commands should be processed; it would be unfortunate if GeoBase were 
to draw a map and then immediately clear the screen! T he t h e n  command 
provides a flexible way of overcoming this problem.
The T H E N  keyw ord
T he command t h e n  may be used to determine the order in which d o  
commands are interpreted and actioned by GeoBase. I t may be used to 
construct complex command lines that would otherwise have to be broken 
down into separate components, as in
clear t h e n  map altitude using colour 1 t h e n  shade rocktype = chalk 
using colour 2, pattern 5
This command line would cause GeoBase to
1. CLEAR the current display;
2. draw a map of altitude in red; and
3. shade the regions where the rocktype is chalk in green using pattern 5. 
T he most common use of the t h e n  command is to clear the screen before 
proceeding, as in
clear then map altitude
COMMAND LINES 1 3
CLEAR THEN SECTION ROCKTYPE 
CLEAR t h e n  h is to g r a m  a lt itu d e
Note again that commands may be entered in upper or lower case, or both!
A b b rev ia tin g  keyw ords
All keywords may be abbreviated by using a shortened form of the keyword 








Some of the most frequently used commands have special abbreviations, 
for example c l e a r  may be abbreviated to (a full stop) and t h e n  may 
be entered as (a colon).
Appendix A gives a list of the minimum abbreviations that may be used 
for each keyword, but inexperienced users may prefer to use the full form 
of each command.
4 General com m ands
GeoBase has three different interrogation utilities: ‘m aps’, ‘cross sections’ 
and ‘statistics’. Each of these has its own set of keywords that may be used 
to analyse the data. However, some commands are common to all three 
utilities and these are listed in this chapter. Throughout Section B of this 
manual commands are categorised into the three different types: d o ,  h o w  
and INFORMATIVE.
Although there are a num ber of commands that are common to two of 
the three utilities, they are not listed in this chapter. Table 4.1 gives a 











Each keyword referred to in Chapters 4 to 7 is listed together with a 
description, one or more examples of its use, its minimum abbreviation, 
a default value (where appropriate) and a list of related keywords.
DO com m ands
T here are four d o  commands that are common to all three interrogation 
facilities. All have the same effect regardless of which utility is currently 
being employed. Tw o of them, c l e a r  and f i n i s h ,  are particularly useful.
c l e a r  d e s c r i p t i o n
The CLEAR command erases the current display. Only the ‘mapping screen’ 
is cleared, that is, only the top three-quarters of the screen in which diagrams 
appear.
e x a m p l e
CLEAR
This clears the m apping screen.
m i n i m u m  a b b r e v i a t i o n
. (full stop)
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a s s o c i a t e d  k e y w o r d s
AUTOMAP
FINISH d e s c r i p t i o n
The command f i n i s h  causes GeoBase to return to the D ata Interrogation 
menu, from which you may select another interrogation mode or exit from 
the GeoBase system altogether.
e x a m p l e
finish
This command displays the Data Interrogation menu.
m i n i m u m  a b b r e v i a t i o n
F.
NEWDATA d e s c r i p t i o n
T he NEWDATA command informs GeoBase that a new Datadisk has been 
inserted into drive B, and causes GeoBase to revise its list of variables and 
update other relevant information. Datadisks should never be changed 
without subsequently using this command. T he NEWDATA command should 
not normally be used as part of a multiple-keyword command line.
e x a m p l e
NEWDATA
This command should be used after inserting a new Datadisk. 
m i n i m u m  a b b r e v i a t i o n
NE.
PRINT d e s c r i p t i o n
T he PRINT command instructs GeoBase to produce a hard-copy printout 
of the display on the mapping screen. Before evoking this command you 
should ensure that a printer is connected to the computer correctly. GeoBase 
will prom pt you for the printer type and baud rate (if applicable), a title, 
and the size of the printout required, either single or double size.
For more information on printers and printer drivers refer to Appendix G. 
The PRINT command should not be used as part of a multiple-keyword 
command line unless it appears as the last command as in the second example 
below.
e x a m p l e s
PRINT
This will produce a printout of the mapping screen.
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map altitude then print
This command line will draw a map of altitude and then produce a hard 
copy.
m i n i m u m  a b b r e v i a t i o n
PR.
H OW  c o m m a n d s
There are five general-purpose h o w  commands. O f these, p a t t e r n  and 
COLOUR are the most important. T he h o w  commands change the ‘para­
m eters’ with which GeoBase draws its maps and diagrams; that is, GeoBase 
draws diagrams using the current setting of these values. GeoBase also keeps 
a list of ‘sensible’ values, called d e f a u l t  v a l u e s ,  which it uses in cases where 
you have not specified particular values. T he description of the following 
HOW commands includes an indication of the default values.
c o l o u r  d e s c r i p t i o n
T he COLOUR keyword is used to set the colour (or, on a monochrome screen, 
the intensity) that is used by GeoBase to draw diagrams on the mapping 
screen. T he command c o l o u r  m ust be followed by a num ber corresponding 
to the colour required. Four colours are available at any one time and these 





Table 4.2 The default colours.
T he colours listed in Table 4.2 are called the default colours. Thus red is 
the default for colour 1 and white is the default for colour 3. These may 
be changed by using the d e f c o l  command described below.
Colours 0 and 3 have special significance. Colour 0 (which is black by 
default) is used by GeoBase as its background colour. T hus when the screen 
is cleared it will appear black unless c o l o u r  0 is redefined using d e f c o l .  
Colour 3 (normally white) is used when drawing the basemaps held on the 
Datadisk; if you want the basemaps to appear in a colour other than white 
then you should re-define c o l o u r  3 using the d e f c o l  command.
COLOUR is set to its default value by the d e f a u l t s  command. Its current 
setting is displayed by the v a l u e s  command.
e x a m p l e s
MAP LANDUSE USING COLOUR 2
This will draw a map of landuse in colour 2 (normally green).
COLOUR 3
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All diagrams following this command will be drawn in colour 3 (normally 
white).
m i n i m u m  a b b r e v i a t i o n
CO.
d e f a u l t
colour 1
a s s o c i a t e d  k e y w o r d s
DEFAULTS, DEFCOL, HISTOGRAM, ISOLINE, MAP, SECTION, SHADE, SUBSET 
(m a p s  u t i l i t y ) ,  v a l u e s
DEFAULTS d e s c r i p t i o n
W hen HOW commands such as c o l o u r  and p a t t e r n  are entered, GeoBase 
remembers the value they are given and continues to use that value until 
instructed otherwise. After a time, many of the h o w  parameters will have 
been changed from their initial (default) values. T he d e f a u l t s  command 
resets all such parameters to their default values. I t is useful if, for example, 
a histogram has been drawn with well-labelled axes (using the s t e p ,  r a n g e  
and CLASSES commands) and you then wish to draw a histogram of another 
variable for which the current values of r a n g e ,  s t e p  and c l a s s e s  are 
inappropriate. Entering the h i s t o g r a m  command w i t h  d e f a u l t s  (see the 
second example below) will save resetting each of the h o w  commands 
individually.
The DEFAULTS command should be used in conjunction with the v a l u e s  
command, an i n f o r m a t i v e  command that displays the current values of 
the main h o w  parameters.
e x a m p l e s
DEFAULTS
This sets the h o w  parameters to their default (initial) values, 
histogram altitude with defaults
This will draw a histogram of altitude using the default values of c o l o u r ,  
STEP, RANGE, CLASSES, and SO On.
m i n i m u m  a b b r e v i a t i o n
D.
a s s o c i a t e d  k e y w o r d s
VALUES
DEFCOL d e s c r i p t i o n
T he DEFCOL command may be used to change the colours that are used to
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draw diagrams on the mapping screen. T he computer is capable of displaying 
256 different colours, but only four of these may be displayed at any one 
time. These four colours correspond to c o l o u r  0, c o l o u r  1, c o l o u r  2 and 
COLOUR 3 (see the c o l o u r  command above). T he d e f c o l  command deter­











Table 4.3 A  selection o f colour codes from the 256 colours available.
T he DEFCOL keyword should be followed by four code numbers between 
0 and 255 where 0 is black and 255 is white (see Table 4.3); the first code 
is the colour assigned to c o l o u r  0, the second to c o l o u r  1, and so on. Note 
that c o l o u r  0 is always used by GeoBase as the background colour and 
COLOUR 3 is always the foreground colour. I t is always worth experimenting 
with different colour combinations to suit different diagrams and maps. 
Furtherm ore, users with monochrome screens may find that the display may 
be clearer if the background colour is set to a light shade (say, code 200) 
whilst the foreground colour is set to black (code 0).
T he DEFCOL command is unlike most other h o w  commands in that it has 
an effect that becomes immediately apparent; the colours on the current 
mapping screen will change as soon as the command is entered. T he 
DEFAULTS Command will reset the d e f c o l  values to their default values.
e x a m p l e
DEFCOL 20,64,128,255
This command sets the colours used by GeoBase to blue (background), 
red, green and white (foreground).
m i n i m u m  a b b r e v i a t i o n
DEFC.
d e f a u l t
DEFCOL 0,64,128,255 
(black, red, green and white)




T he KEY command is used to define whether or not a legend is provided 
alongside the maps or diagrams. T he keyword k e y  should be followed by 
either o f f  or o n .  k e y  o n  will cause legends to be printed whereas k e y  o f f  
will cause them to be suppressed.
T he actual legend (key) that appears depends upon the current interro­
gation utility. I t is sometimes useful to suppress legends when super­
imposing diagrams such as cross sections or histograms.
T he DEFAULTS command sets k e y  o n .  T he v a l u e s  command may be used 
to find the current setting of the k e y  parameter.
e x a m p l e
MAP ALTITUDE WITH KEY OFF
This command line will draw a map of altitude but will not draw the legend.
m i n i m u m  a b b r e v i a t i o n
K.
d e f a u l t
KEY ON
a s s o c i a t e d  k e y w o r d s
AUTOMAP, DEFAULTS, HISTOGRAM, MAP, SECTION, RANGE, STEP, SHADE, SUBSET
(maps utility), v a l u e s
PATTERN d e s c r i p t i o n
8
This command may be used to select the shading pattern that GeoBase uses. 
T he selected shading pattern is used in the maps utility to shade subsets; 
in the cross section utility to fill numeric sections; and in the statistics utility 
to fill histograms.
T he keyword p a t t e r n  m ust be followed by a code num ber between 0 
and 8 corresponding to the pattern required. The patterns that are available 
are shown in Figure 4.1 alongside.
The value of p a t t e r n  is set to the default value by the d e f a u l t s  com­
mand. Its current setting is displayed by the v a l u e s  command.
e x a m p l e
SHADE ROCK EQ CHALK WITH PATTERN 3
This command will shade the areas where the rocktype is chalk in pattern 3.
HISTOGRAM ALTITUDE USING PATTERN 6
This will draw a histogram of altitude in pattern 6.
section rainfall with pattern 0
This will draw an ‘em pty’ (that is, unshaded) cross section. This technique 
is useful when superimposing cross sections.
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Figure 4.1 The shading 
patterns.
m inim um  abbreviation
PA.
d e f a u l t
PATTERN 8  (m a p s  a n d  s t a t is t ic s  u t i l i t ie s )  
PATTERN 1 ( c r o s s  s e c t io n s  u t i l i t ie s )
a s s o c i a t e d  k e y w o r d s
DEFAULTS, DEFPAT, HISTOGRAM, SECTION, SHADE, SUBSET (maps Utility), 
VALUES.
INFORM ATIVE c o m m a n d s
All four INFORMATIVE commands are common to all the interrogation 
facilities, although the display that results from each command may vary 
according to the current utility. Two of the commands, h e l p  and v a l u e s ,  
relate to system information whilst the other two, e x p l a i n  and l i s t  relate 
to the current Datadisk.
It is important to note that no mapping screen display is lost when using 
these commands. Although the display disappears when the i n f o r m a t i v e  
command is entered it will reappear when the effect of the command has 
finished.
e x p l a i n  d e s c r i p t i o n
The EXPLAIN command provides information relating to the current Data­






Selecting option A (there is no need to press the RETURN key) will display 
information about the Datadisk parameters (its name, date, grid size, and 
so on). Pressing B will display information about each of the variables in 
turn.
When you have finished studying the information provided, selecting 
option C will return you to the point where you entered the e x p l a i n  
command.
The EXPLAIN command should not be entered as part of a multiple- 
keyword command line; that is, it should be the only command in the 
command line.
e x a m p l e
EXPLAIN
This command line will display information about the current Datadisk.
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m inim um  abbreviation
EX.
a s s o c i a t e d  k e y w o r d
LIST
HELP d e s c r i p t i o n
T he HELP command displays an alphabetical list of the keywords that are 
applicable to the current interrogation utility. Each keyword is given with 
its arguments (the numbers or words that should immediately follow the 
keyword in the command line).
W hen the h e l p  command is entered, the mapping screen will clear and 
the HELP message will appear in its place. At the bottom  of the screen a 
message prompts you to press the R E T U R N  key. W hen you press 
R E T U R N  the mapping screen display will reappear.
T he HELP command may appear as part of a multiple-keyword command 
line, but will normally be used in isolation.
e x a m p l e
HELP
This command will display a list of the commands available.
m i n i m u m  a b b r e v i a t i o n
H.
LIST d e s c r i p t i o n
The LIST command displays a list of the variables and their types (either 
string or numeric) that are stored on the current Datadisk. Any display on 
the mapping screen will be temporarily lost but will reappear when the 
R E T U R N  key is pressed.
e x a m p l e
LIST
This displays a list o f die Datadisk’s variables.
m i n i m u m  a b b r e v i a t i o n
L.
a s s o c i a t e d  k e y w o r d
EXPLAIN
VALUES d e s c r i p t i o n
This command will display the current values of the more im portant h o w
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parameters such as p a t t e r n ,  c o l o u r  and k e y .  T he exact nature of the 
display depends upon which utility is being used currently. Any mapping 
screen display will disappear when this command is entered but will be 
restored when the R E T U R N  key is pressed.
e x a m p l e
VALUES
This will display the current values that are assigned to the h o w  parameters.
m i n i m u m  a b b r e v i a t i o n
V.
a s s o c i a t e d  k e y w o r d
DEFAULTS
5 The maps utility
Of all the techniques available for displaying spatial distributions, mapping 
is the most important and frequently the most productive. Using GeoBase’s 
maps utility one is able, quickly and easily, to obtain a visual impression 
of the information stored on the Datadisk in relation to any particular 
request.
The maps utility is accessed by pressing A in response to the Data In terro­
gation menu. Before selecting this utility you should ensure that a Datadisk 
is inserted in drive B. T he commands that are specific to the maps utility 
are described below. T he commands may be entered in upper and lower 
case and may be abbreviated. Table 5.1 gives a summary of the commands 










Table 5.1 Commands o f the maps utility. Note that this summary does not 
include the general commands described in Chapter 4.
The DO com m ands
There are three main mapping techniques that are available through 
GeoBase, represented by the keywords m a p , s h a d e  and i s o l i n e .  The m a p  
command enables you to construct choropleth maps of selected variables 
with control over the num ber of classes, the class intervals and the shading 
patterns used.
The SHADE keyword is used to display the results of a search through 
the data. By careful use of the s h a d e  command one is able to select and 
highlight whatever information subset one wishes to analyse.
ISOLINE is a keyword that can be used to construct isoline (or isopleth) 
maps of num eric variables, a particularly useful feature when comparing 
the distribution of a string variable against that of a numeric variable. 
Although GeoBase does not provide isoline labels, many physical features 
are best highlighted in this manner.
T he DO commands are now described in alphabetical order.
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ISOLINE d e s c r i p t i o n
The ISOLINE command instructs GeoBase to compile an isoline map of any 
chosen numeric variable. T he i s o l i n e  keyword must be followed by the 
name of the selected variable and the required interval between isolines.
An isoline map is best displayed in a bright colour, say, colour 3. In par­
ticular you should avoid superimposing isoline maps on choropleth maps 
of the same colour since the isolines will be obscure against the background 
(see example 2 below for a method of avoiding this problem).
Isoline maps may take a long time to construct compared with the other 
forms of mapping available. T o  reduce the time taken to a m inimum the 
isoline interval should be as large as possible. Alternatively, if the isolines 
are only required over a portion of the area rather than all of it, the w i n d o w  
command (see below) may be used to specify a small area of the region thus 
reducing considerably the time taken to construct the map.
Pressing C T R L -X  (that is, pressing and releasing X whilst holding down 
the key marked C TR L ) interrupts the compilation of isoline maps. This 
feature may be used to change the isoline interval without having to wait 
for the completion of the isoline map currently being drawn.
Although the i s o l i n e  command may form part of a multiple-keyword 
command line it may not be followed by another d o  command separated 
by then t h e n  keyword. Subsequent d o  commands in the same command 
line will be ignored by the system.
e x a m p l e
ISOLINE CRIME-RATE, 5
This will draw an isoline map of crime-rate with an isoline interval of 5.
MAP ROCK USING COLOUR 1 THEN ISOLINE ALT, 100 USING COLOUR 3 
This will superimpose a contour map in white upon a map of rocktype in 
red.
m i n i m u m  a b b r e v i a t i o n
I.
a s s o c i a t e d  k e y w o r d s
BASEMAP, COLOUR, WINDOW
MAP d e s c r i p t i o n
T he MAP keyword allows you to draw a choropleth map of a chosen variable. 
T he name of the selected variable m ust follow the MAP keyword.
T he num ber of classes into which numeric data are divided can be defined 
using the c l a s s e s  command as in
map altitude using classes 5
The num ber of classes into which string variables (such as rocktype) are 
divided is chosen by GeoBase automatically and depends on the number 
of different string values that the variable contains.
T he way in which GeoBase chooses the class intervals may be changed 
using the e q u a l  c l a s s  i n t e r v a l s  or e q u a l  c l a s s  s i z e s  commands, and the
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s h a d in g  p a t t e r n s  u s e d  m a y  b e  d e f in e d  u s in g  th e  g r a d e s  a n d  DEFPAT k e y ­
w o r d s .
You should beware of using the m a p  command in the following cases:
1. if the database grid size is very small, say less than ten squares;
2. if, for a numeric variable, the interval between the largest and smallest 
values of the variable is less than the num ber of classes; or
3. if a string variable contains more than eight different values.
In none of these cases will attempting to compile a choropleth map damage 
the database or system. However, it may give rise to spurious or misleading 
grades of shading. If  any of these three conditions arises you may find it 
more rewarding to use the s h a d e  keyword to draw the required map.
Note that where more than eight different items are stored in a string 
variable, GeoBase will link two or more of them  together. I t has to do this 
since it has only eight different grades of shading to work with. W here this 
occurs, GeoBase first sorts the values into alphabetical order and then shades 
the first eight values. Subsequent values are shaded with p a t t e r n  8.
If the AUTOMAP feature is set to o f f  then no map will be drawn. Similarly, 
with KEY set to OFF no legend will be constructed. Careful combination of 
these two features allows the construction in isolation of either the map or 
its legend.
e x a m p l e s
MAP POPULATION
This will draw a shaded map of population.
CLEAR THEN MAP POP WITH CLASSES 5, EQUAL CLASS SIZES
This will clear the screen and then draw a map of population with five equally
large classes.
MAP ALTITUDE WITH COLOUR 1 THEN SHADE ROCK EQ CHALK WITH COL.2 
This will draw a map of altitude in red with the areas of chalk highlighted 
in green.
m i n i m u m  a b b r e v i a t i o n
M.
a s s o c i a t e d  k e y w o r d s
AUTOMAP, BASEMAP, CLASSES, COLOUR, DEFPAT, EQUAL CLASS, GRADES, 
WINDOW
SHADE d e s c r i p t i o n
T he SHADE keyword enables you to ask specific questions of the data. It 
should be followed by a condition defining which regions within the area 
should be shaded; the first example below will cause those areas that have 
chalk as their rocktype to be shaded.
For information on the range of conditions that may be specified refer 
to Appendix C.
T he type of hatching used in displaying results may be changed using 
the PATTERN command. After a s h a d e  command, the legend and an 
indication of the percentage area that has been shaded will appear at the
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base of the screen. The percentage is calculated by representing the number 
of matched squares as a percentage of the total number of non-null squares. 
T he legend may be suppressed by using the command k e y  o f f .  T he pictorial 
results of the command will not be displayed on the screen if a u t o m a p  is 
set to OFF.
e x a m p l e
SHADE ROCK EQ CHALK
This will highlight the areas of chalk. ■
SHADE ALTITUDE > 400 USING PATTERN 3, COLOUR 2
This will highlight the areas over 400 feet (or metres) in shading pattern 3 
and in green.
SHADE ALTITUDE > 400 AND ROCK =  CHALK
This will highlight the areas of chalk that are over 400 feet.
m i n i m u m  a b b r e v i a t i o n
S.
a s s o c i a t e d  k e y w o r d s
AUTOMAP, BASEMAP, COLOUR, KEY, PATTERN, SUBSET, WINDOW
SUBSET d e s c r i p t i o n
T he SUBSET keyword is identical in operation to the s h a d e  keyword. I t is 
included in the maps utility command set in order to provide compatibility 
with the SUBSET command of the statistics utility.
e x a m p l e
SUBSET ROCKTYPE EQ CHALK WITH PATTERN 6
This will shade the areas of chalk in shading pattern 6.
m i n i m u m  a b b r e v i a t i o n
s.
a s s o c i a t e d  k e y w o r d s
AUTOMAP, BASEMAP, COLOUR, KEY, PATTERN, SUBSET, WINDOW
The H O W  com m ands
T he HOW commands that relate specifically to the maps utility are now listed 
in alphabetical order.
AUTOMAP d e s c r i p t i o n
T he AUTOMAP keyword determines the operation of the BASEMAP, c l e a r ,  
MAP and SHADE commands and m ust be followed by either o n  or o f f .  W ith
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AUTOMAP set to OFF, clearing the screen will produce a blank mapping screen, 
and any attempt to produce a choropleth map using m a p  or s h a d e  will have 
no effect on the map currently displayed. However, this command has no 
effect on the construction of legends.
T he main use of a u t o m a p  is to display a m ap’s legend without displaying 
the map itself. T he legend can then be printed using the p r i n t  command 
and later combined with a copy of the appropriate map to produce a neater 
copy of a map and its legend than would otherwise be possible.
e x a m p l e s
AUTOMAP OFF
This will set a u t o m a p  to o f f .
MAP ALTITUDE WITH AUTOMAP OFF, KEY ON
This will cause a copy of the key to be drawn without the map.
m i n i m u m  a b b r e v i a t i o n
A.
d e f a u l t
AUTOMAP ON
a s s o c i a t e d  k e y w o r d s
DEFAULTS, BASEMAP, CLEAR, SHADE, MAP, SHADE, SUBSET, VALUES
BASEM AP d e s c r i p t i o n
This keyword is used to select the basemap that is to be used in compiling 
maps. T he keyword b a se m a p  must be followed by the num ber of the 
basemap required, either 1, 2 or 3.
If  the AUTOMAP feature is o n  then the newly selected basemap is super­
imposed onto the screen automatically. I t is therefore possible to super­
impose all three basemaps onto one screen.
The current basemap is used in the construction of all maps until a new 
basemap is specified. Its setting is not changed by the d e f a u l t s  command.
e x a m p l e s
basemap 2 then clear
This will leave the screen displaying only the second basemap.
ISOLINE ALTITUDE, 100 WITH BASEMAP 3
This will superimpose onto the current mapping screen both an isoline map 
of altitude and basemap num ber 3.
m i n i m u m  a b b r e v i a t i o n
B.
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d e f a u l t
BASEMAP 1
a s s o c i a t e d  k e y w o r d s
AUTOMAP, ISOLINE, MAP, SHADE, SUBSET
CLASSES d e s c r i p t i o n
T he CLASSES keyword is used to set the num ber of classes into which the 
data are divided when constructing choropleth maps of numeric variables. 
T he keyword c l a s s e s  m ust be followed by the num ber required, between 
2 and 8 inclusive.
. This keyword does not affect the way in which the class intervals are 
chosen (see the e q u a l  c l a s s  commanded below).
T he number of classes into which string variables are divided depends 
upon the num ber of string classes in the variable, and is not affected by 
the CLASSES command.
CLASSES is set to its default value by the d e f a u l t s  command. Its current 
setting can be displayed using the v a l u e s  command.
e x a m p l e s
CLASSES 8
This will cause maps that are subsequently drawn using the m a p  command 
to be constructed with eight classes.
map population with classes 2, equal class sizes
This will draw a map of population with two equally large classes.
m i n i m u m  a b b r e v i a t i o n
CL A.
d e f a u l t
CLASSES 4
a s s o c i a t e d  k e y w o r d s
DEFAULTS, EQUAL CLASS, MAP, VALUES
DEFPAT d e s c r i p t i o n
T he keyword DEFPAT is used to define the shading patterns employed in 
compiling choropleth maps. T he shading patterns used in drawing a map 
using the m a p  command depend upon the num ber of classes into which 
the data is divided, so the DEFPAT keyword m ust be followed by the num ber 
of classes and then a value corresponding to the shading pattern required 
for each of the classes.
The num ber of classes may range between 2 and 8 inclusive and the 
shading pattern numbers between 0 and 8 inclusive (see Figure 4.1).
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defpat 6,0,8,5,3,2,0
Following this command any maps drawn with six classes will use shading 
patterns 0, 8, 5, 3, 2 and 0 for each class respectively.
MAP ALT WITH CLASSES 4, DEFPAT 4,0,3,5,8
This will draw a shaded map of altitude with four classes shaded in patterns 
0, 3, 5 and 8.
m i n i m u m  a b b r e v i a t i o n
DEFP.
d e f a u l t s
The shading patterns used in constructing choropleth maps depend on the 
number of classes chosen; hence there are default values for each of the 








a s s o c i a t e d  k e y w o r d s
DEFAULTS, MAP, PATTERN
EQUAL CLASS d e s c r i p t i o n
Two different methods are available for choosing class limits when com­
piling choropleth maps using the m ap  command. They are; (a) to divide 
the range of the data into equal class intervals; and (b) to choose the intervals 
such that each class is the same size, that is, containing the same number 
of grid squares.
Normally you will prefer to use the first method whereby each class 
interval is the same; that is, GeoBase subtracts the lowest value of the 
variable from the highest value and divides by the num ber of classes required 
to find the class interval. However, if the variable being mapped contains 
a lopsided distribution -  for example, it may have one or two exceptionally 
high or low figures -  then the first method may result in a map that provides 
very little information since some of the classes may be empty. If  this is 
the case, then setting e q u a l  c l a s s  s i z e s  may be preferable.
Using the second method each grade of shading will cover approximately 
the same area of the map. If  this method is required, then the keywords 
EQUAL CLASS must be followed by the keyword s iz e s ;  if the former method 
is the one needed, then use the command e q u a l  c l a s s  i n t e r v a l s .
T he EQUAL c l a s s  parameter is set to e q u a l  c l a s s  i n t e r v a l s  by the 
DEFAULTS command. Its current setting is displayed by the v a l u e s  command.
T he keyword c l a s s  is optional.
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EQUAL CLASS INTERVALS
Following this command all maps will be drawn with equal intervals for 
each class.
map pop with classes 4, equal sizes
This will draw a map of population with four equally large classes.
m i n i m u m  a b b r e v i a t i o n
EQ.
T he m inimum abbreviation for i n t e r v a l s  is i, and for s i z e s  is s.
d e f a u l t
EQUAL CLASS INTERVALS
a s s o c i a t e d  k e y w o r d s
DEFAULTS, CLASSES, MAP, VALUES
GRADES d e s c r i p t i o n
The keyword g r a d e s  should be followed by either i n c r e a s i n g  or d e c r e a s i n g  
and allows you to change the way in which numeric variables are shaded 
when constructing choropleth maps using the m a p  command. Often you 
will prefer that the higher values within the database have the heaviest 
shading, that is, GRADES i n c r e a s i n g .  Setting g r a d e s  to d e c r e a s i n g  will 
reverse this pattern so that the lowest values have the heaviest grade of 
shading.
This command also changes the shading patterns with which string 
variables are shaded, g r a d e s  is set to i n c r e a s i n g  by the d e f a u l t s  command. 
Its current setting is displayed by the v a l u e s  command.
e x a m p l e s
map altitude with classes 8, grades decreasing
This will draw a map of altitude with eight classes, the highest areas being 
shaded with the least dense shading pattern.
GRADES i n c r e a s i n g
This will cause subsequent maps to be drawn such that the highest values 
are the most densely shaded,'
m i n i m u m  a b b r e v i a t i o n
G.
T he m inimum abbreviation for i n c r e a s i n g  is i. and for d e c r e a s i n g  is d .
d e f a u l t
g r a d e s  i n c r e a s i n g
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a s s o c i a t e d  k e y w o r d s
DEFAULTS, DEFPAT, MAP, VALUES
WINDOW d e s c r i p t i o n
T he WINDOW command can be used to limit the area being studied. This 
command is useful when studying relationships that involve distance from 
a fixed point, when comparing two regions within the same database area, 
or when looking at transects.
Two types of window may be defined: circular and rectangular. T o  define 
a circular window, the keyword w i n d o w  must be followed by three values. 
The first sets the radius of the circle in grid squares, and the following two 
values specify the grid square at the centre of the circle (see the first example 
below).
To define a rectangular window, the keyword w i n d o w  must be followed 
by four values. T he first two values specify the bottom-left grid square and 
the next two the top-right grid square that is to be included inside the 
window (see the second example below).
If you are unsure about the exact dimensions of the grid then you may 
use the e x p l a i n  cornmand which will display the horizontal and vertical 
extent.
T he command w i n d o w  o f f  may be used to reset the window to the entire 
area.
When using windows to investigate the database, it is im portant that you 
know the scale of the map (and therefore the area covered by each grid 
square) and also have a map of the area with the grid squares superimposed 
so that the centre of circular windows and the corners of rectangular windows 
can be accurately assessed. Such a map can be obtained using the edit 
basemaps utility. Always remember that grid square (1,1) is at the bottom- 
left corner of the grid and that the horizontal coordinate is given first.
e x a m p l e
WINDOW 10,22,14
This will set a circular window of radius 10 centred on (22,14). 
window 12,5,24,36
This will set a rectangular window with (12,5) at the bottom-left corner 
and (24,36) at the top-right corner.
window 5,20,25 then isoline altitude, 100 with colour 3
This will draw an isoline map within the circle of radius 5 centred on
(20,25).
m i n i m u m  a b b r e v i a t i o n
w.
d e f a u l t
WINDOW OFF
a s s o c i a t e d  k e y w o r d s
DEFAULTS, ISOLINE, MAP, SHADE, SUBSET, VALUES
6 The cross sections utility
GeoBase’s cross sections utility is the second powerful interrogation facility. 
You may use it to display cross sections between any points within the region 
covered by the database, in any direction.
The operation of this utility is straightforward. Firstly, two ‘endpoints’ 
are moved to the required positions on the basemap using the e n d p o i n t s  
command (in which the coordinates of the endpoints are specified) or the 
MOVE command (which enables the endpoints to be moved on the screen 
in relation to a selected basemap). Once this is done the s e c t i o n  command 
is used to construct a cross section of a selected variable. Cross sections 
may be superimposed by continued use of the s e c t i o n  command or may 
be displayed separately on the screen using the a d d  command.
T he cross sections utility is selected from the Data Interrogation menu 
by pressing B. Before selecting this utility you should ensure that a Datadisk 
is inserted into drive B.










Table 6.1 Commands o f the cross section utility. Note that this table does not 
include the general commands described in Chapter 4.
The DO com m ands
The DO commands are now described in detail.
ADD d e s c r i p t i o n
T he ADD command allows you to add another cross section to the display. 
Any cross sections already on the mapping screen will be moved up in order 
to make room for the new cross section. Following this the s e c t i o n  command 
may be used to draw the required section.
U p to five individual cross sections may be drawn on the screen in this 
way. I f  five have already been drawn or if there are no cross sections displayed 
on the screen then the a d d  command will have no effect.
T he ADD command may occur immediately before a s e c t i o n  command
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within a command line. There is no need to use the t h e n  keyword to separate 
the two commands (see the second and third examples below).
e x a m p l e s
ADD
This will cause any cross sections displayed on the screen to be moved up, 
thus making space for a new cross section.
add section population
This will move the displayed sections up the screen and then draw a section 
of population.
clear then section alt then add section rocktype
This will display, separately, sections of altitude and rocktype.
m i n i m u m  a b b r e v i a t i o n
AD. .
a s s o c i a t e d  k e y w o r d s
KEY, SECTION
MOVE d e s c r i p t i o n
This command allows you to move the endpoints with reference to one of 
the basemaps. Following this command the basemap will appear, super­
imposed upon which are the two endpoint labels, A and B. At the base of 
the screen the m o v e  promptline will appear:
(A,B,D,G ,Help,L,R ,U,RETURN):
You should first select the endpoint you wish to move by pressing A to 
select endpoint A, or B to select endpoint B. You may then move the selected 
endpoint anywhere within the grid (in steps of grid squares) using the keys 
U , D , L  and R for U p, Down, Left and Right respectively. T here is no 
need to press the R E T U R N  key after each keystroke; in fact pressing 
R E T U R N  has the effect of returning you to the command line prompt.
You may if you wish use the G (Goto) option to move an endpoint over 
a long distance quickly. If  you press G , GeoBase will request the horizontal 
and vertical coordinates of the grid square to which the endpoint should 
be moved.
I f  you require a hard-copy printout of the map and the endpoints, press 
C T R L -P  (that is, press and release P whilst holding down the key marked 
C TR L ) and refer to the p r i n t  command.
Pressing H  at any time will provide a summary of the promptline options.
T he process of selecting and moving the endpoints A and B should 
continue until you are satisfied with their positions. When you are ready 
to draw the required cross sections, press R ET U R N . T he screen will clear 
and the command line prom pt (a colon) will reappear at the base of the 
screen.
T he current positions of endpoints A and B may be displayed by the 
VALUES command.
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MOVE
This will allow you to move the cross section endpoints with reference to 
the current basemap that is selected.
move then section population, colour 2
Once the endpoints have been moved a section of population will be drawn 
in green.
m i n i m u m  a b b r e v i a t i o n
M.
a s s o c i a t e d  k e y w o r d s
BASEMAP, ENDPOINTS, VALUES
SECTION d e s c r i p t i o n
The keyword s e c t i o n  should be followed by a variable name. T he specified 
cross section will then be drawn on the mapping screen. Repeated use of 
the SECTION command will cause cross sections to be superimposed. For 
information on displaying cross sections separately see the a d d  command 
above.
T he pattern and colour used to fill cross sections of numeric variables 
may be selected by the p a t t e r n  and c o l o u r  commands respectively. The 
selection of suitable patterns and colours is particularly im portant when 
superimposing cross sections. Furtherm ore, the amplitude of numeric 
variables and the range of values that the amplitude represents can be 
controlled by the a m p l i t u d e  and r a n g e  commands respectively. The 
vertical scale is always linear and so accurate measurements can be made 
either from the screen or from a printout of the display.
The endpoints of the cross section should be defined either by using the 
MOVE command before entering the s e c t i o n  command or by employing the 
ENDPOINTS command.
Cross sections are normally drawn so that there is enough space to include 
a legend on the left of the mapping screen. This can be suppressed using 
the KEY OFF command. W ith the k e y  feature set to o f f ,  cross sections occupy 
the entire width of the mapping screen.
e x a m p l e s
s e c t io n  p o p u l a t i o n
This will draw a cross section of population.
s e c t i o n  p o p u l a t i o n  w i t h  a m p l i t u d e  254, RANGE 0,100
This will draw a section of population which has a vertical scale extending
from the bottom of the section (labelled 0) to the top (labelled 100).
add section alt
This command line will move the displayed sections up the screen and then 
draw a new cross section of altitude.
MOVE THEN SECTION CRIME-RATE
This command line will allow you to move the endpoints before drawing 
a section of crime-rate.
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m i n i m u m  a b b r e v i a t i o n
s.
a s s o c i a t e d  k e y w o r d s
ADD, AMPLITUDE, COLOUR, DEFPAT, ENDPOINTS, KEY, MOVE, NAMES, 
PATTERN, RANGE
The H O W  com mands
The HOW commands are now listed in alphabetical order.
AMPLITUDE d e s c r i p t i o n
This command allows you to control the amplitude with which numeric 
cross sections will be constructed. For the purposes of the GeoBase system 
‘amplitude’ describes the proportion of the cross section that is used to show 
the variation. The maximum value is 254 and the minimum is 1. Therefore 
an amplitude of 128 will use approximately half of the total section height 
to display the variation, whilst an amplitude of 254 will cause the variation 
in height to extend from the bottom of the section to the top.
Following the keyword a m p l i t u d e  it is necessary to add a value between 
1 and 254 inclusive (where 1 is the least amplitude and 254 will cause the 
maximum variation in height).
The range of values represented by the amplitude may be determined 
using the r a n g e  command. The current setting of a m p l i t u d e  is not changed 
by the d e f a u l t s  command.
e x a m p l e s
AMPLITUDE 200
This will set the value of amplitude to 200. 
section pop using amplitude 50, colour 2
This will draw a section of population in green with an amplitude of 50.
m i n i m u m  a b b r e v i a t i o n
AM.
d e f a u l t
AMPLITUDE 128
a s s o c i a t e d  k e y w o r d s
RANGE, SECTION
BASEMAP d e s c r i p t i o n
This keyword is used to select the basemap that is used when locating the 
endpoints using the m o v e  command. The keyword b a se m a p  should be 
followed by the number of the basemap required, either 1, 2 or 3.
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T he basemap selected is not changed by the d e f a u l t s  command, 
e x a m p l e
MOVE WITH BASEMAP 2
This will allow you to move the endpoints in relation to basemap num ber 2.
d e f a u l t
BASEMAP 1
a s s o c i a t e d  k e y w o r d
MOVE
DEFPAT d e s c r i p t i o n
T he keyword DEFPAT is used to define the shading patterns employed in 
constructing cross sections of string variables. The shading patterns used 
in drawing a section using the s e c t i o n  command depend upon the num ber 
of classes into which the data is divided, so the DEFPAT keyword m ust be 
followed by the num ber of classes and then a value corresponding to the 
shading pattern required for each of the classes.
T hus, before using this command, it is useful to know how many classes 
are defined for the appropriate section by using the s e c t i o n  command.
T he number of classes may range between 2 and 8 inclusive and the 
shading pattern numbers between 0 and 8 inclusive (see Figure 4.1).
T he most useful function of the DEFPAT command is to change the shading 
patterns used in creating cross sections of a string variable so that they are 
compatible with choropleth maps of the same variable.
e x a m p l e
defpat 6,0,8,5,3,2,0
Following this command any cross section of string variables drawn with 
six classes will use shading patterns 0, 8, 5, 3, 2 and 0 for each class 
respectively.
m i n i m u m  a b b r e v i a t i o n
DEFP.
d e f a u l t s
T he num ber of classes within a string variable cross section may range 
between two and eight and so there is a default setting for each of the possible 
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a s s o c i a t e d  k e y w o r d s
DEFAULTS, SECTION, PATTERN
ENDPOINTS d e s c r i p t i o n
This keyword may be used to  define the two points between which sections 
will be drawn. The keyword e n d p o i n t s  should be followed by four numbers. 
T he first two numbers define the coordinates of endpoint A and the second 
pair define endpoint B in units of grid squares. If  you are unsure of the 
dimensions of the grid then you may use the e x p l a i n  command to determine 
its horizontal and vertical extent. T he m o v e  command provides an alterna­
tive means of defining endpoints.
T he position of the endpoints are only changed by a m o v e  or e n d p o i n t s  
command. One advantage of using the e n d p o i n t s  command rather than 
MOVE is that cross sections between different pairs of endpoints may be 
displayed on the same mapping screen.
The e n d p o i n t s  command also provides a quicker way of defining end­
points. However, in the majority of cases the m o v e  command will prove 
to be more convenient.
N ote that the endpoints are not changed by the d e f a u l t s  command, but 
their current position can be displayed using the v a l u e s  command.
e x a m p l e s
endpoints 10,10,25,40
This command line will move endpoint A to (10,10) and endpoint B to 
(25,40).
SECTION ALTITUDE WITH ENDPOINTS 20,21,10,7
This will draw a section of altitude from (20,21) to (10,7).
m i n i m u m  a b b r e v i a t i o n
EN.
d e f a u l t
ENDPOINTS where h is the horizontal and v the vertical extent of the
grid. Thus the default positions of the endpoints are the bottom-left and 
top-right corners of the mapping screen.
a s s o c i a t e d  k e y w o r d s
MOVE, VALUES
NAMES d e s c r i p t i o n
Normally the name of each section is written across the middle of the section. 
This may appear untidy when sections are being superimposed. T he key­
word NAMES m ust be followed by either o f f  or o n ;  with n a m e s  o f f  no cross 
section names are printed.
NAMES is set to ON by the d e f a u l t s  command. T he current setting of this 
feature may be displayed using the v a l u e s  command.
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e x a m p l e
section rock then section altitude with names off
This will superimpose a section of altitude upon a section of rocktype. The 
word ‘a l t i t u d e ’ will not appear in the diagram.
m i n i m u m  a b b r e v i a t i o n
NA.
d e f a u l t
NAMES ON
a s s o c i a t e d  k e y w o r d s
DEFAULTS, SECTION, VALUES
RANGE d e s c r i p t i o n
This command may be used to specify the vertical range represented by 
the amplitude of numeric cross sections. T he keyword r a n g e  should be 
followed by two numbers, the first of which is the proposed value for the 
lowest point on the cross section and the second of which is the highest.
Thus, in the first example below, the altitude cross section will be drawn 
so that the lowest point corresponds to the value 0 and its highest point 
to the value 1000. If  the actual values of the cross section lie outside this 
range then the defined range will be ignored. T he actual vertical extent 
represented by the range can be changed using the a m p l i t u d e  command.
To reset cross section ranges to their default values use the command 
r a n g e  o f f .  The current setting of r a n g e  can be found using the v a l u e s  
command.
e x a m p l e
SECTION ALT WITH RANGE 0,1000, COLOUR 1, PATTERN 8
This will draw a fully blocked-in section of altitude in red such that the
lowest point will be labelled 0 and the highest point 1000.
m i n i m u m  a b b r e v i a t i o n
R.
d e f a u l t
RANGE OFF
a s s o c i a t e d  k e y w o r d s
AMPLITUDE, DEFAULTS, KEY, SECTION, VALUES
7 The statistics utility
T he statistics utility is the th ird  of GeoBase’s interrogation modes and is 
selected by pressing C in response to the Data Interrogation menu. Before 
selecting the utility you m ust ensure that a Datadisk is inserted in drive B.
There are three main statistical approaches provided by the utility. These 
correspond to the keywords s t a t i s t i c s ,  h i s t o g r a m  and c o r r e l a t e .
The s t a t i s t i c s  command tabulates some simple statistical measures of 
the data such as its range and averages. The h i s t o g r a m  command can be 
used to construct histograms or bar charts of the data. Finally, the c o r r e l a t e  
command constructs scatter diagrams and calculates correlation coefficients.
T he three statistical techniques are considerably enhanced by the inbuilt 
facility to use subsets defined by conditions (using the s u b s e t  command) 
or by area (using the w i n d o w  command).
For a summary of some methods of hypothesis testing see Appendix E. 










Table 7.1 The statistics utility commands. Note that this summary does not 
include the general commands described in Chapter 4.
The DO com m ands
The DO commands of the statistics utility are listed in alphabetical order 
below.
ADD d e s c r i p t i o n
The ADD command may be used to display two or more histograms on the 
same mapping screen simultaneously. Each time the a d d  command is 
entered, the histograms on the screen are moved up to make room for the 
next histogram.
U p to five histograms may be displayed on the mapping screen at any 
one time. If  five histograms are already displayed, or if no histograms are 
on the mapping screen, then this command will be ignored by GeoBase.
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Occasionally you may find that the legends of histograms, drawn using 
the ADD and h i s t o g r a m  commands, interfere with each other. Use the 
KEY OFF command to prevent this. T he legends of bar charts of string 
variables are not drawn when the a d d  command is used, and no vertical 
scale is indicated.
e x a m p l e s
ADD
This command will move up any histograms on the screen in order to make 
room for further histograms.
add histogram altitude
This will display a histogram of altitude below any histograms that are 
already on the mapping screen.
CLEAR THEN HISTOGRAM CRIME-RATE THEN ADD HISTOGRAM POPULATION 
This will produce separate histograms of crime-rate and population.
m i n i m u m  a b b r e v i a t i o n
AD.
a s s o c i a t e d  k e y w o r d
HISTOGRAM
CORRELATE d e s c r i p t i o n
This command instructs GeoBase to draw a scatter diagram and calculate 
the product-m om ent correlation coefficient between any two numeric 
variables. T he keyword c o r r e l a t e  should be followed by the names of the 
two variables for which a correlation coefficient is required. Note that string 
variables may not be correlated directly in this way.
Only the values that lie within the current s u b s e t  and/or w i n d o w  are 
used to calculate the coefficient, or all the values if no s u b s e t  or w i n d o w  
is defined.
T he correlation coefficient is given correct to two decimal places. GeoBase 
also provides ‘n ’, the num ber of pairs of values which were used in the 
calculation.
e x a m p l e
CORRELATE ALTITUDE, RAINFALL
This will draw a scatter diagram of altitude against rainfall, and calculate 
the correlation coefficient.
m i n i m u m  a b b r e v i a t i o n
COR.
a s s o c i a t e d  k e y w o r d s
SUBSET, WINDOW
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HISTOGRAM description
This command instructs GeoBase to draw a histogram. The keyword h i s t o ­
g r a m  must be followed by the name of the variable that is to be used.
T he number of classes into which numeric data is divided can be defined 
using the c l a s s e s  command. The shading pattern used to fill the bars of 
the histogram and the colour of the bars may be defined using the p a t t e r n  
and COLOUR commands respectively.
If  a SUBSET or w i n d o w  has been defined, or is specified as part of the 
HISTOGRAM command as in the second example below, then only those values 
that lie within the subset or window are used to construct the histogram. 
T he ADD command may then be used to compare the distributions of 
variables between different subsets or regions within the database area.
The horizontal axis is normally drawn such that the left-most point repre­
sents the lowest value contained within the defined subset of the variable 
and the right-most point the highest. This may be changed using the r a n g e  
command in which assumed lowest and highest values may be defined. Refer 
to the RANGE command below for further explanation.
T he STEP command may be used to change the way in which the horizontal 
axis of numeric variable histograms is labelled. Normally only the highest 
and lowest values are labelled, but it is possible by means of the s t e p  
command to draw labels at regular intervals along the axis.
The vertical scale of histograms is always chosen by GeoBase. The number 
given at the top of the axis is the percentage of the total area represented 
by the highest bar. The histograms are drawn such that the vertical scale 
is linear, and so accurate measurements of bar-heights can be made either 
from the screen or from a printout.
Repeated use of the h i s t o g r a m  command will cause histograms to be 
superimposed. To avoid the legends of such histograms interfering with 
each other you should first use the k e y  o f f  command. Normally this 
technique is not as useful as the technique of comparing distributions using 
the ADD command, but it is possible to obtain reasonable results by careful 
consideration of the values given to p a t t e r n  and c o l o u r .
e x a m p l e s
histogram landuse
This will draw a histogram of landuse using the current settings of c o l o u r  
and PATTERN and c l a s s e s .
HISTOGRAM ALTITUDE WITH SUBSET (ROCK EQ CLAY), COLOUR 2
This will produce a histogram of the distribution of altitude over those areas
that have clay as their rock type, in green.
ADD HISTOGRAM POPULATION, PATTERN 3
This will draw a histogram of population, below any histograms that were 
already on the mapping screen, in pattern 3.
histogram crime-rate with range 0,100, step 20, classes 5 
This will draw a histogram of crime-rate with five bars such that each bar- 
width represents 20 units. T he horizontal axis will be labelled from 0 to 100 
in steps of 20.
m i n i m u m  a b b r e v i a t i o n
HI.
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a s s o c i a t e d  k e y w o r d s
ADD, CLASSES, COLOUR, KEY, PATTERN, RANGE, STEP, SUBSET, WINDOW
STATISTICS d e s c r i p t i o n
T he STATISTICS command calculates and tabulates simple statistical infor­
mation relating to any specified variable, either string or numeric. The 
keyword s t a t i s t i c s  should be followed by the name of the selected variable. 
T he nature of the results depends upon the type of variable:
1. In  the case of string variables, GeoBase displays a list of the values 
contained within the variable in alphabetical order, and calculates the 
modal value.
2. For numeric variables, GeoBase calculates the range, standard deviation, 
and three types of average.
W here more than one modal average occurs GeoBase will print either 
‘bimodal’ to indicate that there are two ‘most common’ values, or ‘polymodal’ 
where there are more. In the latter case the actual modal values are not 
tabulated.
T he percentage area matched by a subset is also printed under the 














Table 7.2 The output o f the s t a t i s t i c s  command. Note that ‘matched^ 
refers to the percentage of the total area of the database falling in the defined 
subset. I f  no subset is present then this figure will always be 100%. ‘n’ indicates 
the actual number o f grid squares matched {this may be used to calculate measures 
of probability), ‘s.d.' is an abbreviation for ‘standard deviation’.
If  a SUBSET and/or w i n d o w  has been defined then the statistics will relate 
only to the values of the database that fall w ithin the subset or window.
T he mapping screen is always cleared by GeoBase whenever the s t a t i s t i c s  
command is given, and the results are always printed in colour 3 (normally 
white).
W ith large data sets the s t a t i s t i c s  command may take some time to 
complete its calculations, particularly where they involve numeric variables. 
Sensible use of windows and subsets may help to avoid undue delay.
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examples
statistics crime-rate
This will tabulate statistics relating to the variable crime-rate.
STATISTICS ALT WITH SUBSET ROCK =  KIMMERIDGE
This will tabulate statistics for the areas of Kimmeridge clay.
statistics population with window 10,20,34
This will display statistics relating to population for a circular area of radius 
10 centred on (20,34).
m i n i m u m  a b b r e v i a t i o n
STA.
a s s o c i a t e d  k e y w o r d s
SUBSET, WINDOW
The H O W  com mands
CLASSES d e s c r i p t i o n
The CLASSES command is used to specify the number of classes into which 
numeric variables should be divided when constructing histograms. The 
keyword c l a s s e s  should be followed by the num ber of classes required, 
between 2 and 64 inclusive.
The number of classes into which string variables are divided depends 
upon the num ber of different values stored within the variable and is not 
changed by the c l a s s e s  command.
The value of c l a s s e s  is set to 10 by the d e f a u l t s  command; use the v a l u e s  
command to display its current setting.
e x a m p l e s
HISTOGRAM POPULATION WITH CLASSES 25
This will produce a histogram of population with 25 bars.
classes 8
Any histograms drawn after this command will have eight bars, 
m i n i m u m  a b b r e v i a t i o n
CLA.
d e f a u l t
CLASSES 10
a s s o c i a t e d  k e y w o r d s
DEFAULTS, HISTOGRAM, VALUES
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RANGE description
This command is used to define the range of values that are covered by 
the horizontal axes of histograms of numeric variables. With r a n g e  set to 
OFF the horizontal axis extends from the lowest to the highest values within 
the defined subset of the data. (If no subset or window is defined then the 
range extends between the lowest and highest values within the selected 
numeric variable.) However, the r a n g e  command may be used to force other 
lowest and highest values to be assumed.
The RANGE keyword must be followed by two numbers, the first being 
the low value required and the second being the high value. If  the actual 
lowest value in the current subset is lower than the specified low value then 
the actual value is the one used, and similarly for the high values.
The primary use of the r a n g e  command is in tidying up histograms for 
presentation or detailed analysis. For example, with r a n g e  o f f ,  a histogram 
may extend from say, 7 to 95 which results in a horizontal scale which is 
difficult to interpret. If, instead, the r a n g e  is first set to extend from 0 to 
100, then interpretation becomes easier. Indeed, interpretation may be 
further eased by sensible use of the s t e p  command (see below) which forces 
GeoBase to label the axis at regular intervals. The third example below shows 
how the RANGE and s t e p  commands may be combined to produce a clear 
and well labelled diagram. Figure 7.1 illustrates the result.
0 10 30 4020 50 60 70 80 90 100
Figure 7.1 Labelling the h o rizon ta l scale.
e x a m p l e s
RANGE 0,650
Following this command, histograms will be drawn such that their horizontal 
range extends from 0 to 650.
histogram alt with range -  10,100 step 25
This will draw a histogram of altitude extending from — 10 to 100 feet (or 
metres), labelled in steps of 25.
range 0,100, step 10, classes 10
This will cause the horizontal axes of histograms to be labelled from 0 to 
100 in steps of 10. Since there are also ten classes, each class will be clearly 
labelled (see Figure 7.1).
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m inim um  abbreviation
R.
d e f a u l t
RANGE OFF
a s s o c i a t e d  k e y w o r d s
DEFAULTS, KEY, HISTOGRAM, STEP, VALUES
STEP d e s c r i p t i o n
Normally, the horizontal axes of histograms of numeric variables are labelled 
by printing the lowest and highest values at either end of the axes. Alterna­
tively, the axes may be labelled at intervals by using the s t e p  command.
The keyword s t e p  should be followed by the numeric interval that is 
required between labels on the horizontal axis. The range over which the 
histogram axis extends may be controlled using the r a n g e  command 
described above.
Following the command s t e p  o f f  the labelling of axes reverts to the default 
situation. T he s t e p  feature is also set to o f f  by the d e f a u l t s  command. 
Its current setting may be displayed using the v a l u e s  command.
e x a m p l e s
s t e p  30
This will cause histograms to be labelled in steps of 30.
HISTOGRAM POP WITH RANGE 0,100 STEP 10, CLASSES 10
This will draw a histogram of population such that each bar is neatly labelled.
m i n i m u m  a b b r e v i a t i o n
s.
d e f a u l t
STEP OFF
a s s o c i a t e d  k e y w o r d s
DEFAULTS, KEY, HISTOGRAM, RANGE, VALUES
SUBSET d e s c r i p t i o n
T he SUBSET command is in many respects the key to the more involved and 
powerful methods of data interpretation using the statistics utility. It is 
analogous to the s h a d e  and s u b s e t  commands of the maps utility described 
in Chapter 5.
The keyword s u b s e t  should be followed by a ‘condition’ that defines the 
subset of the data that is required. All statistical analysis following the subset 
command will use only those values that lie within the subset. This allows
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complex intervariable relationships to be investigated. For instance, the 
second and third examples below, taken together, will compare the variation 
of altitude over the chalk with the variation over the clay. T he fourth example 
will determine the strength of the relationship, w ithin council-house estates, 
between the percentage of pensioners and the num ber of privately owned 
cars. This relationship could later be contrasted with the same relationship 
over different areas.
For information on how to define subsets refer to Appendix C.
T he command s u b s e t  o f f  forces GeoBase to consider the entire database. 
This is the setting when the statistics utility is first selected and is also set 
by the d e f a u l t s  command. The current subset is displayed by the v a l u e s  
command.
Various commands within the statistics utility have the side-effect of 
setting SUBSET to o f f .  In  particular, the c o r r e l a t e  command always resets 
s u b s e t  to OFF, but it uses only those values that fall w ithin the last defined 
subset. T he e x p l a i n  and p r i n t  commands also set s u b s e t  o f f .  Use the 
v a l u e s  command to check on the subset definition if you are in any doubt.
e x a m p l e s
subset (landuse = reafforestation) or (altitude gt 100)
This will select the subset where the landuse is defined as reafforestation 
or the altitude is greater than 100.
HISTOGRAM ALTITUDE WITH SUBSET ROCK EQ CHALK 
This will draw a histogram of altitude for the chalk areas.
add histogram altitude with subset rock = clay
This will move up any histograms that are on the screen before drawing a 
histogram of altitude for the areas of clay.
CORRELATE PENSIONERS, CARSOWNED WITH SUBSET (HOUSING =  COUNCIL) 
This will calculate the correlation coefficient for the variables p e n s i o n e r s  
and CARSOWNED for those areas where the housing is defined as c o u n c i l .
m i n i m u m  a b b r e v i a t i o n
su.
d e f a u l t
SUBSET OFF
a s s o c i a t e d  k e y w o r d s
CORRELATE, DEFAULTS, HISTOGRAM, STATISTICS, VALUES
UNIVERSE d e s c r i p t i o n
This command is highly specialised and does not appear in the h e l p  message. 
Inexperienced users of GeoBase may choose to skip this section.
T he UNIVERSE command may be used to determine the way in which the 
vertical axis of a histogram is labelled when a subset of the database has 
been defined using the s u b s e t  command. W hen a subset is defined, GeoBase
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assumes that the grid squares that lie within the subset form the new database 
‘universe’; that is, the system completely ignores all squares that lie outside 
the current subset.
This means that the histogram of the subset is labelled such that the sum 
of the bars is equivalent to 100%. This is the way that GeoBase labels 
histogram bars by default, and is set by entering the command u n i v e r s e  
SUBSET.
In a small number of cases it is preferable to consider the subset as a 
proportion of the database as a whole; that is, the ‘universe’ should be the 
entire database irrespective of any subset that may have been defined. This is 
set by entering the command u n i v e r s e  a l l  and means that the label on the 
vertical scale will indicate the value of the highest bar as a proportion of the 
total database area.
e x a m p l e
histogram pop using subset altitude >100 with universe all 
This will construct a histogram of population for those areas of the database 
over 100 units in altitude, labelling the highest bar as a proportion of the 
entire database area.
m i n i m u m  a b b r e v i a t i o n
u .
The minimum abbreviation for s u b s e t  is s u .  and for a l l  is A. 
d e f a u l t
UNIVERSE SUBSET
a s s o c i a t e d  k e y w o r d s
HISTOGRAM, KEY
WINDOW d e s c r i p t i o n
The WINDOW command can be used to limit the area being studied. This 
command is useful when studying relationships that involve distance from 
a fixed point and when comparing two regions within the same database area.
Two types of window may be defined; circular and rectangular. T o  define 
a circular window the keyword w i n d o w  must be followed by three values. 
The first sets the radius of the circle in grid squares, and the following two 
values specify the grid square at the centre of the circle (see the first example 
below).
To define a rectangular window the keyword w i n d o w  must be followed 
by four values. The first two values specify the bottom-left grid square and 
the next two the top-right grid square that is to be included inside the 
window.
If you are unsure about the exact dimensions of the grid then you may 
use the e x p l a i n  command which will display the horizontal and vertical 
extent.
The command w i n d o w  o f f  may be used to reset the window to the entire 
area.
This command is exactly analogous to the w i n d o w  command of the maps
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U til ity ,  a n d  a l lo w s  h y p o t h e s e s  p o s t u la te d  u s in g  t h e  la t te r  t o  be t e s t e d  
s t a t is t ic a l ly .
exam ples
window 10,23,24
This defines a circular window of radius 10 centred on (23,24). 
window 10,12,40,54, subset crime-rate > 5
This defines the subset of areas that (a) lie within the rectangle that has 
(10,12) at its bottom-left corner and (40,54) at its top-right corner and that 
(b) have a crime-rate greater than 5.
HISTOGRAM POPULATION WITH WINDOW 5,32,43
This will draw a histogram of population for the circular area of radius 5 
centred on (32,43).




associated  keywords .
CORRELATE, DEFAULT, HISTOGRAM, STATISTICS, VALUES
Section C Managing data
8 Creating a Datadisk
W hilst you may find that ready-made databases provide a useful teaching 
and investigative resource, it may be to your advantage to create a database 
relevant to individual or localised teaching environments. A Datadisk may 
be created by an individual or by a group of teachers and/or pupils using 
the GeoBase data management utilities.
T he amount of information collected on a Datadisk will depend both upon 
the resources available and the objectives of such a project. Datadisks can 
easily be expanded in stages, allowing the creation of databases to be under­
taken over a period of weeks or months, and can also be updated at any 
time to produce a dynamic resource.
T he introductory booklet Making Databases is designed to help those 
who wish to create their own Datadisk. Many of the decisions that must be 
taken and procedures that must be followed are outlined in this booklet.
This chapter presents an overview of the Datadisk editing procedures as 
well as discussing some of the more technical considerations. The following 
Chapters 9 to 12 describe each of the data management utilities in detail.
D esigning a database
Database design must include consideration of the region to be studied, 
the variables that will be measured across the region, and the grid size to 
be used.
T he region chosen for study will depend largely on the aims and objectives 
of the database (whether it is to be used as a teaching aid/examination project, 
or for some other reason); your syllabus; your locality; and your teaching 
philosophy. Furtherm ore, the variables that you intend to catalogue will 
have a bearing on the definition of the region; data sources such as planning 
departments, census material and ordnance and geological survey maps often 
define their own regions for which the data is collected (Enumeration 
Districts for example). Your chosen region should match these wherever 
possible.
T he variables chosen to be measured over the region will be largely deter­
mined by the aims of the database and the availability of data. If  you are 
unsure of where you might start your search for relevant data. Appendix F 
may be of some help.
T he choice of dimensions of the grid must also be carefully planned. 
Clearly the grid’s shape is determined by the shape of the region. The grid 
is always defined as a rectangle and must be large enough to contain all
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of the defined region. Usually a num ber of grid squares will lie outside the 
region, but this should not concern you at this stage.
Having chosen the shape of the rectangle you must then consider the 
number of grid squares that it should contain. The larger the number of 
grid squares, the more accurate will be the maps and cross sections that 
GeoBase’s interrogation modes will produce. However, there are a number 
of factors that limit the number of grid squares that you may use. .
The actual upper limit is set by GeoBase. A maximum of 253 grid squares 
is permitted in a horizontal direction and 177 in a vertical direction. 
However, the total number of grid squares must not exceed 4094. I t should 
be noted that the more grid squares there are, the smaller each grid square 
appears on the mapping screen. However, where large numbers of grid 
squares are involved the relationship between the num ber of horizontal and 
vertical grid squares and the grid size as shown on the mapping screen is 
not a linear one. For example, a vertical extent of 60 grid squares will produce 
squares of three screen pixels (or ‘dots’) high, whereas a vertical extent of 
61 will produce squares only two pixels in each dimension. If  you are 
considering the possibility of creating large databases (in terms of grid size) 
then Table 8.1, giving the threshold levels of certain grid sizes, will provide 
a useful guide. I f  you are in any doubt then initialise a Datadisk with the 
proposed grid size (using the ‘edit Datadisk parameters’ utility described 
in Chapter 9) and inspect its suitability using option G of the ‘edit basemaps’ 
utility (see Chapter 11).
square size thresholds
{pixels) horizontal vertical
5 up to 60 up to 36
4 up to 75 up to 45
3 up to 100 up to 60
2 up to 150 up to 90
Table 8.1 Threshold levels of horizontal and vertical grid sizes. This table 
is only relevant i f  the choice of grid size lies near a threshold level, in which 
case you should, i f  possible, choose a slightly lower value in order to increase 
the size of the grid squares and hence make better use of the mapping screen.
A second (probably lower) limit is set according to how much time and 
energy you are prepared to dedicate to producing a database. Although the 
actual process of entering the data onto the Datadisk can be fairly rapid, 
collecting and preparing the data for entry is a time-consuming and exacting 
task, and you may feel that sacrificing a degree of accuracy in order to 
construct a workable database quickly is a sensible approach.
Finally, the data sources will dictate to a large extent the size of the grid. 
For example, if the variable for which you have the most densely packed 
information sources has one value for every square kilometre there is little 
point in defining grid squares that represent a smaller area.
For more information on choosing the dimensions of the region and the 
grid size you may care to study the sizes used in compiling the Purbeck 
Datadisk by using the ‘edit basemaps’ and ‘edit variables’ utilities with the 
Purbeck Datadisk inserted into drive B. (In order to protect the Datadisk 
against accidental erasure or addition of information you should ensure that 
the write-protect notch on the Datadisk is covered before attempting this.)
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In the case of the Purbeck Datadisk the grid size was chosen such that 
a 4 X 4 block of grid squares corresponds to one square kilometre. The 
database was dependent on Ordnance and Geological Survey maps and these 
were the smallest units for which accurate data could reasonably be 
interpolated.
W ith regard to designing the basemaps, they should consist of outline 
maps encompassing the major features within the region so as to provide 
a frame of reference. They should not be so complex as to detract from 
the shaded maps upon which they will be superimposed.
Features such as main transport routes, administrative boundaries or 
physical features may be incorporated, as may placenames. Depending on 
the size of the grid it is sometimes possible to restrict placenames and other 
alphanumeric information (such as the name of the region, scale and so on) 
to the boundaries of the mapping screen beyond the grid, or in those portions 
of the grid where no data is available (at sea for example!), so as not to 
interfere with other screen information.
Once the above has been discussed and defined you may proceed to the 
next section: initialising a new Datadisk.
In itia lisin g  a D a ta d isk
Initialisation is the process whereby a disk is first formatted to specifications 
required by the computer and then given the essential information needed 
by GeoBase, such as the grid size.
Detailed notes on how to format a disk are given in the disk operating 
manual. I t is essential that both sides of the disk are formatted.
To initialise the Datadisk, insert the GeoBase master disk in drive A and 
start up GeoBase. From the M ain menu select the Data Management menu 
by pressing B, from which you should select the ‘edit Datadisk parameters’ 
utility by pressing A. Refer now to Chapter 9 which deals with this utility. 
W hen you exit from this utility your Datadisk will have been correctly initial­
ised and you will now be in a position to begin entering data (basemaps 
and variables).
C ollecting the d a ta
The sources of geographical data are limitless in variety. The method chosen 
to record the values will depend to some extent on the variables that are 
being measured. However, you have two main choices: either
1. to enter the data directly onto the Datadisk; or
2. to first record the data on paper before using the GeoBase management 
utilities.
For small databases the former may be appropriate, but for reasons of backup 
and safety the method of first recording the values on paper is highly recom­
mended for larger projects. This method also has the advantage that the 
data can easily be used again, for example in updating at a later stage. Before 
collecting the data you will find it useful to reproduce a number of ‘data 
sheets’ on which are superimposed the grid that is to be used for the database. 
A suggested title page for the data sheets is given in Table 8.2.
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Database n a m e :..........................................
G rid s iz e : ........ x ..........
Variable nam e:............................................
type: string/numeric*
Recorded b y : ..............................................
D a te : .............................................................
* delete as appropriate.
Table 8.2 Title page for data collection.
It is unlikely that you will have accurate data for all the grid squares in 
the database, so for many squares you will need to use some form of inter­
polation to ascertain appropriate values. The normal interpolation used will 
be linear; that is, the values between two known data points are directly 
proportional to where they lie on the ‘line’ between the two. W ith some 
variables, ‘population’ for example, other methods of interpolation may be 
more suitable. A clear understanding of how the variable varies over space, 
and good guesswork are useful tools in this type of exercise!
E ntering the d a ta
At some stage during or after the collection of the data you will wish to 
start storing the data on the Datadisk. GeoBase provides a utility designed 
specifically for this purpose: ‘edit variables’, which is accessed via the Data 
Management menu. For information on how to use this utility refer to 
Chapter 10.
E ntering the basem aps
Constructing and storing basemaps is a process dealt with by the ‘edit 
basemaps’ utility. For more detailed information refer to Chapter 11.
It is worthwhile noting here that GeoBase provides a facility for matching 
the basemaps to the grid size so that the basemaps will be positioned on 
the screen correctly when maps are drawn. Furtherm ore, the basemaps, once 
designed and entered into the database, may be printed out for future 
reference.
M a in ta in in g  an d  u pda tin g  D a ta d isk s
All databases should be regarded as dynamic rather than static resources 
for two main reasons. Firstly, as you gain experience in using a particular 
Datadisk you may discover errors in the data, or omissions. For example, 
you may wish to add another variable in order to enhance the database and 
increase its usefulness. Secondly, you may find that the data sources are 
themselves dynamic; socio-economic variables (such as unemployment and 
population statistics) represent a bank of information that changes con­
tinuously.
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GeoBase has been designed with these points in mind and every effort 
has been made to allow you to update Datadisks at will.
D ocum entation
Having spent much time and thought in designing and creating a Datadisk 
you may feel that the end result may prove of interest to other users. If 
this is the case then it will be necessary to provide written material to support 
the Datadisk. At the very least this should include the following components:
1. The essential details of the database, its name, creator, the area (or subject 
area) it covers, and the age and ability of the pupils for which it is 
designed.
2. A summary of the educational needs that led to the creation of the 
Datadisk and any background information required for its use.
3. Detailed examples or lesson plans that show the concepts which the D ata­
disk was designed to reinforce, preferably with actual sequences of 
commands (and the resulting graphic displays) that inexperienced users 
can follow.
4. Appendices that cover (a) the basemap(s) used, at least one of which 
should have the grid superimposed, and (b) a list of the variable names 
with appropriate descriptions, including the range and units of numeric 
variables, the abbreviations used for string variables, and the source of 
each variable.
K eepin g  backups
It is vital that you keep copies of all your Datadisks. GeoBase provides a 
special utility for this purpose, ‘copy Datadisk’. The process of copying 
Datadisks is dealt with in Chapter 12. This utility also allows variables and 
basemaps to be copied from one Datadisk to another. Variables may also 
be deleted from Datadisks using this utility.
9 Editing the Datadisk  
param eters
T he ‘edit Datadisk parameters’ utility is accessed by pressing A in response 
to the D ata Management menu.
This utility serves two purposes. Firstly, it is used as the first step in 
creating a Datadisk. Its most essential function in this respect is to record 
the grid size that you intend to use for your database. Once this is set it 
may not be changed, so care is needed when entering this information. The 
utility is also used to record general information relating to the database 
that is stored on it, for example, the database name, the address from which 
more information (or updates) of the Datadisk may be obtained, and a short 
description of the Datadisk.
T he second function of the utility is to allow the general information just 
described to be edited. However, as mentioned above, the grid size cannot 
be subjected to editing since it is central to the internal organisation of the 
data that is stored on the Datadisk,
C rea tin g  a new D a ta d isk
U pon entering this utility GeoBase will prom pt with
Place Datadisk in drive b  and then 
press r e t u r n ;
You m ust now place a Datadisk in drive B. If  you are creating a new 
Datadisk then the disk inserted into drive B must be blank and formatted 
on both sides.
c a u t i o n : GeoBase checks only to see whether the disk inserted into drive B 
is (a) a formatted disk that is not a Datadisk, or (b) a previously initialised 
Datadisk. A formatted disk that contains c p / m  programs or files will be 
assumed to fall into category (a) and will be converted into GeoBase’s 
Datadisk format automatically. This will corrupt some or all of the informa­
tion stored on the disk.
In  order to avoid losing any valuable disk-held programs or files, double 
check that the disk in drive B is the intended Datadisk or formatted blank 
disk before pressing R ETU R N .
A blank Datadisk m ust be formatted on both sides before GeoBase can 
initialise it as a Datadisk. I f  you are unsure of how to format a disk then 
you should consult the disk operating system manual or an expert colleague.
W hen you are sure that the disk in drive B is the correct one, press the 
R E T U R N  key.
If  GeoBase responds with
Disk error -  continue? ( y / n ) :
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then the probability is that you have not formatted both sides of the Datadisk, 
in which case respond by typing N and re-format the disk after exiting 
from the GeoBase system.
Assuming the Datadisk is accepted, GeoBase will now respond with
Enter name for Datadisk, 
then press e s c
and a cursor will appear at the top-left of the mapping screen. Type in the 
chosen name for the Datadisk (you may change it later if you wish) using 
a maximum of 30 characters and then press the key marked ESC. If  you 
make a mistake when typing the name, you may use the delete D E L T  key 
to backspace over the incorrect characters.
The next prom pt to appear at the bottom of the screen is
Enter date of creation, 
then press e s c
Just as before, enter the data followed by ESC. Again you may use up to 
30 characters which may be letters, numbers or symbols, so use whatever 
format for the date that you desire.
You will now be prom pted to enter a name and address. This facility is 
provided for the information of other users who may require advice regard­
ing the content of the Datadisk:
Enter name & address of creating body, 
then press e s c  -  you may use r e t u r n  
to create new lines
You will have noticed that GeoBase will now allow you to use carriage- 
returns (that is, new lines) so that the name and address can be entered in 
a conventional format. Press R E T U R N  to move the cursor to the beginning 
of the next line. Once again you may use the D E L T  key if you make a 
mistake. A maximum of 128 characters is permitted for the name and 
address. Should you prefer to remain anonymous (for whatever reason!) 
simply press ESC in response to the prompt.
GeoBase will then prom pt with
Enter description of Datadisk, 
then press e s c  -  you may use r e t u r n  
to create new lines
Here you should include any information relevant to the region covered by 
the database and other information that is of direct relevance to the data. 
Use R E T U R N  and the D E L T  key as required. You may fill the entire 
mapping screen with information. Press ESC when you have finished.
Finally, GeoBase will prom pt you to enter the grid size that is to be used 
for the Datadisk. This only applies if you are in the process of creating a 
new Datadisk. For more information on grid sizes refer to Chapter 8.
Enter no. of horizontal grid squares, 
then press e s c
The maximum num ber of horizontal grid squares allowed by GeoBase is 
253, although one would rarely, if ever, need this many. Enter the required 
num ber and press ESC. If  you try to enter a negative num ber, zero, or a 
num ber exceeding the maximum allowed then you will be prompted to 
re-enter the number of horizontal grid squares.
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Enter no. of vertical grid squares, 
then press e s c
T he maximum perm itted num ber of vertical grid squares is 177. If  you 
enter an invalid num ber in response to this prom pt you will be taken back 
one stage and asked to re-enter the num ber of horizontal grid squares.
T he maximum number of grid squares in the rectangular grid m ust not 
exceed 4094. Before entering the grid size you should check that the num ber 
of horizontal multiplied by the num ber of vertical grid squares is less than 
or equal to this number.
T he disk in drive B is now an initialised Datadisk and you may begin to 
enter the raw data using the ‘edit variables’ utility (see Chapter 10) or 
basemaps using the ‘edit basemaps’ utility (see Chapter 11).
E ditin g  the D a ta d isk  param eters
It may sometimes be necessary to change the general information held on 
the Datadisk; perhaps a mistake was made when creating it, or you wish 
to change the name and address pages.
If  this should be the case then you may use the ‘edit Datadisk param eters’ 
utility just as explained in the last section.
W hen using this utility with a Datadisk that has already been initialised, 
you will notice that instead of being requested to enter information you are 
first asked if you wish to change the information that was previously entered.
For example, the prom pt
Amend name o f  Datadisk? ( y / n ) :  
will precede
Enter name for Datadisk,
then press e s c
providing that you answer the first prom pt by pressing Y. Pressing N  will 
cause GeoBase to skip the second prom pt and move to the next ‘page’ of 
information.
You will not be perm itted to change the grid size, for reasons explained 
earlier in this chapter. The only way that the grid size can be changed is 
by re-formatting the disk using C P/M ’s F O R M A T program (which destroys 
all information held on the disk) and then re-initialising the Datadisk as 
explained in the last section.
10 Editing variables
The ‘edit variables’ utility, which is accessed by pressing B in response to the 
Data Management menu, is used to enter the raw data that will be processed 
by GeoBase. The data is organised into ‘variables’ which represent the 
individual files in the GeoBase filing cabinet.
Before selecting this utility you should ensure that a Datadisk is inserted in 
drive B.
Each variable must be given a name by which GeoBase and the user can 
refer to it (see Appendix B). A variable contains the values assigned to every 
square in the grid; hence a variable called p o p u l a t i o n  might store the 
population density of each and every square in the grid (except, of course, 
those lying outside the region of study). Similarly the variable r o c k t y p e  
might store the type of surface or underlying rock that each grid square 
contains.
GeoBase distinguishes between two different types of variable: ‘string’ and 
‘num eric’. For more information on the difference between the two types 
and the values they can take, refer to Appendix B and to Chapter 1.
C on tro l keys
T he ‘edit variables’ utility differs from other utilities in that it requires the 
use of the key marked C T R L  in order to access its options and features, 
and does not display a promptline. The reason for this will become apparent 
with use.
In this text, when a letter is preceded by ‘ ’ I t means that the C T R L  key 
and the indicated letter must be held down at the same time, just as you 
must use the S H IF T  key to access capitals on a typewriter.
For example, P means you m ust press the C T R L  key and, whilst still 
holding it down, press and release the key marked P. Similarly, H  means 
press the C T R L  and H  keys.
The help message
Since there is no promptline displayed for this utility it is important to 
note that the help message, giving a summary of all the options available 
to you when in the ‘edit variables’ utility, is accessed by pressing H.
C reatin g  an d  am ending variables
Before selecting the ‘edit variables’ utility ensure that an initialised Datadisk 
is in drive B. If  this is not the case GeoBase will print an error message 
and you will be asked whether or not you wish to continue.
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On entry to this utility, a list of the variables already on the Datadisk will 
be printed on the mapping screen. I f  you have not yet entered any variables 
then this list will be blank. At the base of the screen GeoBase will prompt 
with
Enter name (max 30 characters)
and will then wait for you to type a variable name. W hen you have typed 
the name, press R ET U R N . If  you entered the name of a variable that 
already exists then GeoBase will move into its editing mode (see the next 
section). However, if a new name is entered GeoBase will prom pt
New variable? ( y /n ) :
Pressing Y confirms that you wish to begin entering a new variable. Pressing 
N  will abort this utility and return you to the D ata M anagement menu.
Assuming you pressed Y to indicate that you do indeed want to enter a 
new variable, you will be asked to define whether the variable is of string 
or numeric type:
( s ) tr in g  o r  (N )u m e r ic ?  (s / n )
Press S if you wish to type in string data and N  for numeric data.
Following this GeoBase will ask you to enter a short description of the 
variable:
Enter description (max. 128 chars.), 
then press e s c  -  you may use r e t u r n  
to create new lines
The description should include the name of the variable, the units (for 
numeric data) or abbreviations (for string data) and any other relevant 
information. Press ESC when you are happy with what you have typed. By 
following the simple instructions given above, a new variable will have been 
added to GeoBase’s variable list. You are now in a position to begin entering 
the data.
E ditin g  a variab le
At this stage the mapping screen will contain a 3 x 3 ‘window’. This window 
looks onto the grid and can be moved about the grid as required. The 
central square of the window (indicated by ‘ >  < ’) represents a special 
‘cursor’. Data is always entered in that square. Below and to the left of the 
window, coordinates give the exact position of the cursor and surrounding 
squares.
Squares in the window that are fully blocked-in lie outside the grid, 
whilst squares that are partially blocked-in represent those grid squares 
that as yet contain no data (see also the ESC option below). At the base of 
the screen is the ‘ready’ prompt:
>
indicating that GeoBase is expecting a key or C T R L  key to be pressed.
Values that are input into the database are always entered into the cursor 
square. Data is therefore entered by moving the cursor to the appropriate 
grid square using the C T R L  keys and then typing in the data and pressing
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RETU RN . The most efficient way to enter data is to start at the bottom-left 
corner of the grid, square (1,1), and proceed in horizontal rows, that is, 
(1,1), (2,1), (3,1) and so on. GeoBase always moves the cursor one square 
to the right after entering each value, so this method will reduce the need 
to use the C TR L keys. Figure 10.1 shows a typical input sequence.
vT
Figure 10.1 A n  exam ple o f an input sequence. The f ir s t fram e illustrates the 
screen d isp lay  a t the s ta r t o f  the editing process. The fu lly  blocked-in cells lie 
outside the g r id  {note the coordinates to the left and below the g rid ), w hilst the 
p a r tia lly  blocked squares indicate those th a t have y e t  to have inform ation entered  
into them. Pressing ‘2’, ‘2’ and R E T U R N  w ill produce the d isp lay in fram e  
two. N o te  how the w indow  has m oved one cell to the right. F in a lly , pressing  
‘3 ’, ‘4’ and R E T U R N  gives the d isp lay  in fram e three.
c a u t i o n :  Numeric variables must be integers between —32766 and 
+ 32768. Decimal numbers will not be accepted. String variables must be 
one or two characters only.
For information on the input of blocks of identical information, refer to 
the C and P options below. Each option is now explained in detail.
The options
The options available when entering or editing the information held within 
a variable are described in this section. All of them are accessed by pressing 
and releasing the indicated key whilst holding down the C TR L key.
A -  A bort description
This aborts the ‘edit variables’ utility without updating the variable onto the 
Datadisk, and prints the message
Abort without updating 
Are you sure? (y /n ) :
Assuming you press Y in response to this prompt, GeoBase will return you 
to the Data Management menu without recording changes you may have 
made to the variable. However, if a variable has just been created then its 
name, description and type will still be recorded by GeoBase. See also the 
section below on exiting from this utility.
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B -  B ase descrip tion
Pressing B will cause the window to move to the bottom-left corner of the 
grid and prin t the message
Base
T he cursor will then be at position (1,1).
C -  Copy descrip tion
Pressing C T R L -C  copies the last value entered into the current cursor 
square, prints the message
Copy
and moves the window one place to the right. This is particularly useful 
when whole blocks of grid squares are to be given identical values (such as 
when a certain rocktype covers a large area). W hen used in conjunction 
with the repeat key, large areas can be entered very quickly.
D  -  D own descrip tion
The D option will move the window down by one grid square and print 
the message
Down
Thus if the cursor is currently at grid square (10,3) it will be moved to 
(10,2). Use the repeat key (marked R EPT) to move the cursor down more 
than one square.
E -  E xit descrip tion
This option will record all the changes made to the variable being edited. 
The message
Exit and update 
Are you sure? (y / n ):
will be printed. I f  you respond with Y then the changes to the variable will 
be recorded and GeoBase will return you to the D ata M anagement menu. 
See also the section on exiting from the utility, at the end of this chapter.
G -  G oto descrip tion
Using the U p, Down, Left and Right options can be tedious if you need to 
move the cursor square over long distances. In  these cases it is often more 
convenient to use the Goto option.
GeoBase will prom pt with
Go to horiz.:
to which you should reply with the horizontal coordinate to which the 
cursor square should move. You will then be prom pted with
vert.:
and here you should enter the vertical coordinate. Should you enter a
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number that lies outside the grid, or enter no num ber at all in response to 
either of these questions, this option is aborted.
H -  H elp description
This option prints a summary of all the options available to you when using 
the ‘edit variables’ utility.
L -  Left description
The "L option will move the window one grid square to the left and print 
the message
Left
Thus if the cursor is at (9,5) this option will move it to (8,5). Use the 
repeat key to move left a number of squares.
N -  reN am e description
This option permits you to rename the variable being edited and change 
its description. W hen renaming variables try to ensure that you do not 
duplicate the name of any variable already on the Datadisk (see the V 
option below). For more information on variable names refer to Appendix 
B.
P -  reP lace description
When a variable is first created GeoBase assumes that all the grid squares 
contain ‘null’ values. If  there is a particular ‘default’ value that occurs 
within the variable more often than any other, the replace feature can be 
used to substitute that value for all the nulls.
GeoBase will respond to P with
Replace -  change from:
at which point you should enter the value you wish to be substituted (press 
ESC if you wish to have nulls substituted).
GeoBase will then ask
to:
and here you should type the value that will be placed into the database. 
For example
Replace -  change from :c 
to :CL
would cause occurrences of the string C to be replaced with CL.
GeoBase will then prom pt with
Replace all? ( y /n ) :
Pressing Y will cause GeoBase to replace all of the values matched within 
the variable. Pressing N  allows you to replace the matched values selectively; 
GeoBase will move the cursor window to the next occurrence of the ‘old’ 
value and ask you whether the ‘new’ value should be substituted by 
prompting
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Replace? (y / n ):
Pressing Y will cause the substitution to be made. Should you wish to 
interrupt this process before all the values have been changed, press ESC to 
this prompt.
O f course, this feature is also useful should you wish to change the 
abbreviation used for a particular group of string values, or wish to multiply 
or add a constant to a numeric variable.
R -  R ight description
T he R option will move the window one place to the right and print the 
message
Right
T hus if the cursor is at square (1,1) it will move to (2,1) after this option 
is selected. Use the repeat key to move right by a num ber of squares. Note 
that pressing the R E T U R N  key (without typing any data) has a similar 
effect.
U -  U p descrip tion
Pressing the key C T R L -U  causes the window to move one place up the 
grid and will print the message
U p
T hus, if the cursor is at position (2,5) it will be moved to (2,6). Use the 
repeat key to move up many squares rapidly.
V -  V ariables descrip tion
T he V option will provide a list of the variables stored on the Datadisk. 
You should use this option before attempting to rename a variable (using 
the N  option) in order to ensure that variable names are not duplicated.
W -  W rite descrip tion
T he W option allows a hard-copy of the values of the current variable to 
be made. Before selecting this option you m ust ensure that a printer is 
connected to the computer.
You will be requested to enter the printer type and its baud code if 
appropriate. T he prin t routine does not involve high resolution graphics 
and so any type of prin ter may be used with this option.
You may in terrupt the printout at any stage by pressing X which will 
return  you to the ‘ready’ prompt. Printing out an entire variable may take 
a considerable time, but may be a worthwhile exercise when creating a 
Datadisk in order to validate the data.
ESC  -  nu ll descrip tion
Pressing the key marked ESC partially blocks-in the cursor square, prints 
the message
null
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and moves the window one place to the right. This is used to indicate to 
GeoBase that there are no data available for that grid square.
It is im portant to note that a ‘null’ is not equivalent to zero (for numeric 
variables) or spaces (for string variables). T he null is completely ignored 
by the interrogation utilities, whereas zeros and spaces are assumed by 
GeoBase to be significant when drawing maps and diagrams and calculating 
statistical values.
The most common use of this feature is to indicate those squares that 
lie outside the region under consideration but inside the grid; after all, 
geographical regions are rarely rectangular! Hence squares near the border 
of the grid may often contain ‘nulls’. These are ignored for the purpose of 
interrogating the database.
E ntering d a ta
To enter a value into the database, simply type it in and press R ETU R N . 
GeoBase will precede whatever you type with a colon to indicate that it is 
inputting data to the cursor square. For example, suppose you are entering 
data into a numeric variable. In response to the ‘ready’ prompt
>
you type the number ‘12345’. The display at the base of the screen will 
change to
> : 12345
Pressing R E T U R N  will enter this value into the grid at the current position 
of the cursor square. GeoBase will then move the window one place to the 
right automatically, ready for the next value to be entered.
Note that the colon serves an important purpose. It is printed by GeoBase 
to indicate that it is in a ‘data input’ mode. You will find that the CTRL-key 
options will not work when the ‘ready’ prom pt is followed by a colon thus
> :
If  you have entered the data input mode by mistake simply use the D E L T  
key to move the text cursor so that it lies adjacent to the colon, then press 
R ETU RN .
The base of the screen will appear as
>:
>
and the C T R L  options will once again function. Furtherm ore, GeoBase 
will not have entered erroneous data nor moved the cursor window.
E xitin g  fro m  the u tility
There are two (sensible!) methods of exiting from this utility. These are 
the Abort (~A) and Exit ( E) options. You should exercise great care when 
using either of these options, since selecting the wrong option can have 
effects ranging from frustrating to fatal!
To help prevent unfortunate accidents, GeoBase will ask you to confirm 
that your choice is correct by printing the message
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Are you sure? (y /n ):
Pressing Y will cause GeoBase to respond as instructed, whilst pressing N  
will abort the option and return you to the ‘ready’ prom pt with nothing 
changed (and no harm done!).
11 Editing the basem aps
The GeoBase basemaps are central to the interrogation functions of the 
system. They are the outlines that are superimposed upon choropleth and 
isoline maps of the region and are further used in defining the endpoints 
of a cross section across the region.
T he ‘edit basemaps’ utility is accessed via the Data Management menu 
by pressing C and provides the means by which you can both create and 
edit the basemaps. Before selecting this utility you should ensure that a 
Datadisk is inserted in drive B.
U p to three basemaps may be created and stored on any one Datadisk 
although often only one or two may be needed. Before creating a basemap 
you should give careful consideration to its design. Aspects of basemap 
design are discussed in Chapter 8 .
In essence the ‘edit basemaps’ utility represents a flexible high-resolution 
graphic drawing facility that has been designed specifically for use by the 
GeoBase system.
Upon entering the utility you will be asked to enter the number of the 
basemap that is to be edited, either 1, 2 or 3. Basemap number 1 should 
always be the basemap that is most often used, since it is the basemap that 
is selected by ‘default’ by the interrogation utilities.
Enter the appropriate num ber and press R ETU R N . A copy of the selected 
basemap will appear on the mapping screen (which will be blank if no 
basemap has yet been created) and the promptline will appear at the base 
of the screen.
Near the bottom-left corner of the mapping screen a small flashing cursor 
will appear:
+
The options that control this graphics cursor are explained in detail below, 
but a summary of their use is given now for your convenience.
The cursor can be moved around the mapping screen using the U , D , 
L and R keys for U p, Down, Left and Right respectively. The effect of 
the cursor as it moves depends on the current mode which can be one of 
Move mode. Plot mode or Erase mode.
In  Move mode the cursor will have no effect at all (this is the mode 
GeoBase is in when the utility is first entered). The cursor may be moved 
around the screen without consequence. In Plot mode the cursor will leave 
a trail of pixels (dots) wherever it goes, allowing you to draw lines and 
curves, roads perhaps, or rivers. In Erase mode the cursor will have the 
opposite effect: it will leave a trail of blank pixels behind it, erasing anything 
it crosses. W hen one of these three modes has been set (by pressing the 
appropriate key: M , P, or E) it remains in force until an alternative mode 
is selected.
In addition, an Alphanumeric mode is provided. This enables you to 
insert words, symbols and numbers onto the basemaps.
So that you can match the basemaps to the data held on the Datadisk,
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the G or Grid option will superimpose the grid onto the screen. This is a 
particularly important option if you are in the process of creating a new 
basemap. A useful technique is to trace the grid that is produced by the G 
option onto an OHP transparency, draw the basemap on the sheet, and 
then tape the sheet to the screen. You will then have a template to work 
from when moving the cursor and plotting lines. Alternatively you may use 
the P (Print) option described below to obtain a printout of the grid which 
will help in the design of basemaps.
The options
The options are now described in detail. A summary of the options can be 
obtained whilst in the ‘edit basemaps’ utility by pressing H.
A -  A lphanum eric m ode description
This option allows you to prin t letters, symbols and numbers onto the 
mapping screen. W hen you press A, GeoBase will prom pt with
Characters:
You should now type the characters that you wish to appear on the mapping 
screen, and press R ET U R N . T he characters will appear starting at the 
current cursor position. T he cursor is moved to the right of the last character 
printed on the screen.
Care should be taken when using this option since characters can only 
be erased by setting the Erase mode and clearing them  pixel-by-pixel. Any 
characters that you attempt to write that would extend past the right-hand 
edge of the mapping screen will not be printed.
It is best, where possible, to restrict characters to the borders of the 
mapping screen so that they will not interfere with the main features of the 
basemap.
B -  B asem ap descrip tion
This option allows you to superimpose any of the three basemaps onto the 
screen. In this way you can combine versions of the basemaps, or borrow 
features from one map when creating another. Pressing B prints the message
Recall which basemap? (1, 2 or 3):
You should enter the num ber of the basemap that you wish to be super­
imposed onto the mapping screen.
This is the option that is called when GeoBase first enters this utility. 
If  you make an error when editing a basemap, clear the screen using option 
C and recall and re-edit the basemap. This is an alternative to using the 
Erase mode.
C -  C lear descrip tion
Pressing C prints the message 
Clear -  are you sure? ( y / n ):
I f  you respond by pressing N  then this option will be aborted and the
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promptline will reappear. However, pressing Y will cause GeoBase to clear 
the mapping screen, erasing all information that was displayed.
D  -  D ow n description
The D option moves the graphics cursor down one pixel. I f  the cursor 
moves off the bottom edge of the screen it will reappear at the top. Use 
the repeat key to move long distances quickly.
E -  E rase m ode description
The E option prints the message, 
Erase mode
and causes the graphics cursor to erase everything it crosses until an alterna­
tive mode is set. You should use this to correct mistakes.
F -  F inish  description
Pressing F will return you to the Data Management menu from where you 
may exit from the GeoBase system, select another management utility, or 
enter the interrogation modes. Before exiting from the utility GeoBase will 
prom pt with
Do you wish to save the current picture 
before exiting? (y /n ):
Pressing Y will cause GeoBase to call the S option before returning to the 
menu, whilst pressing N will instruct GeoBase to return directly to the 
menu.
G -  G rid description
The G option superimposes the database grid onto the mapping screen and 
prints the message
Grid
The grid will be drawn in grey (or red on a colour screen) and it is 
important to note that the grid is not saved as part of a basemap by the S 
option.
The grid is vital to this utility since it enables you to match the basemaps 
to the data. T hus you should always use this option when creating or editing 
basemaps.
Frequently, a Datadisk’s grid will not cover the mapping screen entirely 
(this depends on the grid size that was specified when the Datadisk was 
intialised). T he G option will indicate the extent of the grid. It is useful 
to enter information such as a title, legend or placenames in the borders 
outside the grid (where they exist); such items are best restricted to the 
top, bottom and right-hand borders since the left-hand border is used by 
the maps utility for the construction of legends.
H -  H elp description
Option H  prints a summary of the options available in the ‘edit basemaps’ 
utihty. The display on the mapping screen is temporarily lost, but is 
recovered when the R ET U R N  key is pressed.
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L -  Left description
The L  option causes the graphics cursor to move one pixel to the left. If  
the cursor moves past the left-hand edge of the mapping screen it will 
reappear at the right-hand edge. Use the repeat key to move quickly to the 
left.
M -  M ove description
Pressing M  will print the message 
Move mode
and will set the Move mode. The graphics cursor can then be moved about 
the mapping screen without consequence. The Move mode is in effect until 
an alternative mode is selected, and is the mode that GeoBase is in when 
the utility is first entered.
P -  P lot description
Pressing P prints the message 
Plot mode
and sets the Plot mode. T he graphics cursor will the leave a trail of white 
pixels wherever it moves. This mode is in effect until an alternative mode 
is selected.
P -  P rin t description
Pressing C T R L -P  (that is, pressing and releasing P whilst holding down 
the C T R L  key) will cause GeoBase to call the printer driver. If  a printer 
is connected to the computer then a printout of the current basemap (and 
the grid if it appears on the screen) will be produced.
Refer to Appendix G for more information on printers and printer drivers.
R -  R ight description
T he R option causes the graphics cursor to move one pixel to the right. I f  
the cursor moves past the right-hand edge of the screen then it will reappear 
at the left-hand edge. Use the repeat key to move long distances rapidly.
S -  Save descrip tion
This option allows you to save the current mapping screen display as any 
of the three basemaps. Pressing S will cause GeoBase to print the message
Save which basemap? (1, 2 or 3):
to which you should respond with the number of the basemap that the 
picture should be saved as. Be very careful that you do not save the current 
picture under the wrong basemap num ber since this may erase a basemap 
that was entered previously! As an extra precaution against accidental 
erasure of valuable work GeoBase will prom pt with
Are you sure? (y / n ):
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before saving the basemap. Pressing N  in response to this prom pt aborts the 
S option with no harm done.
Major mishaps can be avoided by ensuring that you always have at least 
one backup copy of your Datadisk (see Chapter 12).
U  -  Up description
Option U  moves the graphics cursor up one pixel. I f  the cursor moves past 
the top edge of the mapping screen then it will reappear at the bottom edge. 
Use the repeat key to move up quickly.
12 Making copies
It is no accident that experienced computer users make backup copies of 
everything they do on a computer, a lesson that is, too often, painfully 
learnt by beginners. Thus the ‘copy Datadisks’ utility should be frequently 
used.
The utility also provides a useful facility for advanced users, namely that 
of transferring variables and basemaps between different Datadisks.
M a k in g  backups
This is the process that allows you to keep copies of your Datadisks. The 
master Datadisk should always be stored in its dust jacket and kept in a 
secure place.
T he ‘copy Datadisk’ utility is accessed via the Data M anagement menu 
by pressing C. On entry to the utility GeoBase will print the message
Put Datadisk in drive A and blank in 
drive B, then press r e t u r n
By ‘Datadisk’ GeoBase is referring to the Datadisk of which you wish to 
make a backup copy. ‘Blank’ refers to the disk on which you will make the 
copy. T he blank should be one of two things
1 . a genuinely blank disk that has been formatted on both sides; or
2. a disk that has already been initialised as a Datadisk but for which you 
have no further use.
T o prevent accidents such as mixing up the copy with the master disk, it 
is a good idea to write-protect the master disk before attempting to copy 
it. This is done by covering up the write-protect notch on the disk with a 
small strip of tape (such tapes or labels are usually provided with the disk 
when purchased).
W hen you are sure that the disks in the drives really are the ones you 
want, press R ET U R N . GeoBase will then check the status of both disks 
and will respond accordingly.
I f  the disk in drive A is not a Datadisk then GeoBase will prin t the message
Disk in drive A is not a Datadisk.
Continue? ( y /n ) :
Pressing N  in response to this prom pt will return  you to the Data M anage­
m ent menu. I f  you wish to continue, remove the disk from drive A and 
replace it with a Datadisk before pressing Y.
I f  drive B is found by GeoBase to contain a Datadisk it will prin t the 
message
Drive B contains a Datadisk.
(A )d d  to  d a ta  in  d r iv e  B o r  
(o ) v e r w r i t e ?  ( a / o ):
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If you wish to make a copy of the entire Datadisk in drive A onto the 
Datadisk in drive B (hence destroying all the data that is held on the latter) 
press O in response to this prompt. T he A option is provided in order to 
allow transfer of variables from one Datadisk to another without destroying 
the current variables on the copy, and is dealt with later in this chapter.
GeoBase will then present you with a list of the variables on the master 
Datadisk in drive A and will prom pt with
Copy a ll v a r ia b le s?  ( y /n ) :
I f  you are copying the entire Datadisk you should press Y. However, if 
you wish to be selective about the variables that are copied, press N.
If you pressed N  in response to the last prompt, GeoBase will indicate 
each variable in turn  and ask whether you wish the specified variable to be 
copied across, to which you should reply by pressing either Y or N  
accordingly.
If  the disk in drive B was originally blank (that is, not a Datadisk) then 
GeoBase will now copy the Datadisk parameters and basemaps automatically 
and then jump to the end of this utility (see below).
I f  the disk in drive B was already a Datadisk then GeoBase will prompt 
with
Copy Datadisk parameters? ( y /n ) :
Assuming that you wish to copy the entire contents of the Datadisk in drive 
A, you should press Y in response, as you should to the next prompt
Copy basemaps? ( y /n ) :
The copy is now complete and you will be requested to
Place system disk in drive A, 
then press r e t u r n :
Remove the Datadisks from the drives and place the GeoBase system disk 
in drive A, then press R ETU R N . You will be returned to the Main menu.
Com bining D a ta d isk s
It is sometimes useful to be able to move variables from one Datadisk to 
another selectively. For example, if a team of people spread over a wide 
area are compiling a large database it may be convenient for them to enter 
data into GeoBase at different computer stations, that is, on different D ata­
disks. Completing the database would then be a m atter of transferring all 
the variables onto one Datadisk. The ‘copy Datadisk’ utility will do this task.
In order to achieve this you should select option A in response to the 
prom pt
Drive B contains a Datadisk.
(A )d d  to  d a ta  in  d r iv e  b  o r  
(o )v e r w r ite ?  (a / o ):
Before using this option you must first check
1. that not more than 16 variables are copied onto any one Datadisk; and
2. that the grid sizes of both Datadisks are identical (Ignoring this condition 
may lead to irreversible corruption of the Datadisk in drive B).
Note: when this utility is requested to transfer the basemaps, it transfers
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all basemaps regardless of whether all three are needed on the new copy. 
To transfer individual basemaps from one Datadisk to another selectively 
you should follow this procedure:
1. select the ‘edit basemaps’ utility from the Data Management menu with 
the source Datadisk in drive B;
2. use the B (Basemap) option to display the basemap that you wish to copy;
3. remove the source Datadisk from drive B;
4. insert the destination Datadisk in drive B;
5. use the S (Save) option to save the basemap onto the destination D ata­
disk, being careful to specify the correct basemap number;
6 . repeat the above instructions as required.
You will realise that this sequence can also be used to change the numbers 
by which each basemap on a Datadisk is referred to. To do this the destina­
tion disk need not necessarily have been initialised as a Datadisk but must 
be formatted on both sides and must be blank.
D eletin g  variab les
The ‘copy D atadisk’ utility represents the only way in which variables can 
be deleted from a Datadisk selectively.
To delete a variable it is necessary to make a copy of the Datadisk con­
cerned. In  response to the prom pt
Copy a ll v a r ia b le s?  ( y /n ) :
you should type N. GeoBase will then indicate each variable in tu rn  and 
ask whether you want the variable to be copied. You should answer each 
of these prompts with Y until the variable to be deleted is indicated. At 
this stage you should reply by pressing N. Both the basemaps and the 
Datadisk parameters should also be copied onto the new Datadisk.
Appendix A 
Quick reference
MenuSy com mands an d  options
GeoBase Interrogation System
A. data interrogation Section B
B. data management Section C
c. end
Data Interrogation
A. maps Chapter 5
B. cross sections Chapter 6
c. statistics Chapter 7
D. return to main menu
E. e n d
Data Management
A. edit Datadisk Chapter 9
B, edit variable Chapter 10
c. edit basemaps Chapter 11
D. copy Datadisk Chapter 12
E. return to main menu
F. e n d
G eneral com mands
{See page 14)
D efa u lt minimum
abbreviation
CLEAR
COLOUR n (n = 0,1,2,3) 
DEFAULTS
DEFCOL n0,nl,n2,n3 




KEY o n / o ff  
LIST
NEWDATA .


















M a p s defau lt minim um
{See page 23) abbreviation
AUTOMAP o n / o f f ON A.
BASEMAP n  ( n  =  1 ,2 ,3 ) 1 B.
CLASSES n  ( n  =  2 , 3 , . .  . ,8 ) 4 CLA.
DEFPAT n , p l , p 2 , . . .  , p n r e f e r  to  m a n u a l DEFP.
EQUAL CLASS INTERVALS/SIZES INTERVALS EQ.
GRADES i n c r e a s i n g / d e c r e a s in g INCREASING G.
ISOLINE n v a r , i n t e r v a l I.
MAP v a r M.
SHADE c o n d i t i o n S.
SUBSET c o n d i t i o n SU.




AMPLITUDE n  ( n  =  1 , 2 , . . .  ,2 5 4 )  
BASEMAP n  ( n  =  1 ,2 ,3 )













NAMES o n / o f f  
RANGE n 0 ,n l /O F F  




r e f e r  t o  m a n u a l  
1 ,1 ,h , v
ON
OFF











S ta tis tic s
{See page 39)
ADD
CLASSES n  ( n  =  2 , 3 , . . .  ,6 4 )  
CORRELATE n v a r , n v a r  
HISTOGRAM v a r  
RANGE n 0 ,n l /O F F  
STATISTICS v a r  
STEP n /O F F  
SUBSET c o n d i t io n /O F F  
UNIVERSE s u b s e t /ALL 






s u b s e t
OFF
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E d it variab le




E Exit (with update) 
G  Goto 
H  Help 
L Left 




V Variable list 
W W rite (to printer) 
ESC null
E d it basem aps
A Alphanumeric 
B recall Basemap 
C Clear 
D Down 
E Erase mode 
F  Finish 
G Grid 
H  Help 
L  Left 
M  Move mode 
P Plot mode 
P Print 
R Right 
S Save basemap 
U Up
Conditions
SHADE and SUBSET conditions take the general form
<cond> = (v ar) (ro p ) (val) {(lop) (cond)} |(lop ) (cond)
(val) ^  (co n s t)/ (va l) (lo p ) (val)
However, these are the most common forms:
(a) (cond) = (v ar) (ro p ) (const) simple condition
(b) (cond) = (cond){ (lop )(cond )}  compound condition
(c) (cond) = (lo p ) (cond) extension
(d) (cond) = (var)(ro p )((co n st){ (lo p )(co n st)} ) multiple values







(ro p )  relational operator
(v a l) value
(const) string or
numeric value
{ } denotes optional repetition of enclosed items and | indicates alterna­


















not equal to 
not greater than 






< > , N  =
<  =  , N  >  jL T E Q  
>  =  ,N  <  ,G T E Q  
N B .
L ogica l operators (lop)
A N D
OR
logical A N D  
logical OR
S hadin g  p a tte rn s
T he shading patterns are shown in Figure A1 alongside.
Figure A1 The shading patterns.
Appendix B
Variables
A maximum of 16 variables may be stored on the Datadisk.
V ariable names
Each variable must be assigned a unique variable name. This may consist 
of up to 30 letters, symbols and numbers and must not include the following 
characters:
SPACE . , ; : ( ) /
Once a variable name has been defined, the variable may then be referred 
to by any num ber of consecutive letters in the name starting with the first. 
T hus if you chose variable names that each begin with a different letter, 
you may considerably speed up use of the interrogation facilities since each 
variable may then be referred to by its first letter alone.
W here possible avoid using variable names that begin with keywords. A 
list o f keywords is provided in Appendix A and on the summary card.
N u m eric  variab les
A numeric variable may contain integers between —32766 and +32768. 
References to positive numbers may optionally be preceded by ‘ + ’. The 
prohibition of decimal numbers should not be a drawback since, for example, 
they can be multiplied by a factor of ten before entering into the database; 
alternatively they can be rounded or truncated, whichever is the more 
appropriate.
S tr in g  variab les
A ‘string’, in computer language, refers to a number of connected characters. 
These may be letters, numbers or symbols. GeoBase limits strings to one 
or two characters in length. In  order to overcome this restriction it is 
necessary to abbreviate the raw data if it is in string form. For example, 
CH could be used to represent c h a l k .
W hen interrogating the data (and specifically when defining a subset 
using the s h a d e  or s u b s e t  commands) strings may optionally be enclosed 
in quotes, that is “ c h ”  is equivalent to c h .  Quotes should not be used when 
entering the data with the ‘edit variables’ utility dealt with in Chapter 10. 
In  constructing conditions, strings may be specified using more than two
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characters. However, only the first two characters will be considered. For 
example, SH and s h o p  are seen by GeoBase as being equivalent. Note that 
s and SHOP are not equivalent, since GeoBase sees the former as s followed 
by a space and the latter as SH.
Appendix C
Conditions
The SHADE and s u b s e t  commands represent an important aspect in 
GeoBase’s design, allowing subsets of the data to be displayed according 
to rules specified by the user.
The ability to define data subsets occurs within the maps utility and the 
statistics utility.
R ela tio n a l operators
A relational operator is used to indicate the relationship that is to be tested 
between a variable and a value. The operators available for use when interro­
gating the database are shown in Table C l.
operator effect equivalent exam ple
EQ equal to = ROCK EQ CHALK
GT greater than > CARS GT 3
LT less than < CARS < 3
BETWEEN between B. CARS BET. 2,5
NEQ not equal to < > , N  = ROCK NEQ BAGSHOT
NGT not greater <  =  ,N >  ,LTEQ CARS NGT 2
NLT not less than >  =  ,N <  ,EQGT CARS > = 4
NBETWEEN not between NB. CARS NB. 2,4
Table C l The rela tion al operators.
Clearly, there are many ways of representing each of the relational operators. 
For example, ‘not greater than’ may be represented as
NGT, LTEQ, EQLT, < = ,  =  < , N > ,  > E Q
and so on. You should use the form that you feel most comfortable with, 
or that makes the condition most meaningful or readable.
Note that the operators b e t w e e n  and NBETWEEN may be abbreviated in 
the same way as keywords. Thus b e t w e e n ,  b e t . ,  and b. are equivalent, as 
are NBETWEEN, NBET. and NB.
Furthermore, b e t w e e n  and NBETWEEN require two values. These may be 
separated by either a comma or a space, for example
CARS BETWEEN 2,5
is equivalent to
CARS BETWEEN 2 5 -
Relational operators may be entered in upper or lower case.
8 0  CONDITIONS
L ogica l operators
The two logical operators and and or can be used to connect components 
within a conditional statement (see below). They may be entered in upper 
or lower case.
S im ple  conditions
A simple condition takes the form
(condition) = <var)(rop) (val)
where (var) is a variable name, (rop) is a relational operator and (val) is a 
value. Each ‘word’ must be separated by a space. For example,
subset cars eq 2
defines the subset such that the variables cars is equal to the value 2.
Com bining conditions
Logical operators can be used to combine simple conditions. For example,
subset house = 6 and pop > 12
w ould search for all squares where it is true both that the variable h ouse  
is equal to 6 and the variable pop is greater than 12.
The syntax for such a combined condition is
(condition) = (condition) (lop ) (condition)
where (lop ) refers to a logical operator. Any number of conditions may be 
combined in any one subset definition.
Alternatively, simple conditions may be combined piecewise using the 
form
(condition) = (lop ) (condition)
For example, the complex search 
subset house = 6 and pop > 12 
could equally well be achieved by splitting it into two simple conditions 
subset house = 6 
and
subset and pop > 1 2
M u ltip le  values
Conditions may incorporate multiple values 
(condition) = (var) (rop) ((val) (lop ) (val)) 
with parentheses used to indicate a set of values; for example 
subset pop bet. (0,5 or 10,12)
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w o u ld  f i n d  a l l  t h o s e  a r e a s  w h e r e  pop is  e i t h e r  b e tw e e n  0  a n d  5  o r  is  b e tw e e n  
10  a n d  12 ;
s u b s e t  c a r s  =  ( l o r  2  o r  3 )
w o u ld  m a t c h  a n y  s q u a r e  w h e r e  c a r s  t a k e s  t h e  v a lu e  1 o r  2  o r  3 ; t h i s  w o u ld  
b e  a n  e f f e c t iv e  a n d  e f f ic ie n t  w a y  o f  r e w r i t i n g
s u b s e t  c a r s  =  1 o r  c a r s  =  2  o r  c a r s  =  3
Similarly, the complex condition
s u b s e t  c a r s  n e q  1 a n d  c a r s  n e q  2  a n d  c a r s  n e q  3
c o u ld  b e  r e p l a c e d  b y
subset cars neq (1 and 2 and 3)
Both of these will search for squares where the value of cars is neither 1 
nor 2 nor 3.
Using parentheses
Precedence can be indicated by using parentheses. Expressions that lie within 
parentheses are always evaluated first. For example,
subset cars = 1 or (house < >  6 and pop <  12)
would match only those squares where one (or both) of the following condi­
tions are true;
1. cars = 1 and/or
2. house < >  6 and pop < 1 2
Although in the majority of cases parentheses are not needed, it is often a 
good idea to use them in any case since this improves readability and avoids 
the danger of ambiguity. For example,
subset cars = 3 or cars = 4 and class = middle 
is ambiguous since it has two interpretations 
subset (cars = 3 or cars = 4) and class = middle 
and
subset cars = 3 or (cars = 4 and class = middle)
In the first case (which is in fact the way GeoBase would interpret this 
subset) the search will match those squares where both the conditions
1. CARS = 3 or CARS = 4; and
2. CLASS = middle
are true. In the latter case the only squares to be matched would be those 
where either
1. CARS =  3; or
2. CARS =  4 and c l a s s  = middle
resulting in a different subset of the region being matched.
Parentheses are particularly useful when combining conditions that 
contain multiple values. For example
subset cars = 3 and house = (2 or 4)
is ambiguous since it could be expanded to
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subset (cars = 3 and house = 2) or house =  4
which may not be the intended specification for the search. The ambiguity 
can in this case be overcome with the sensible use of parentheses to give
subset cars = 3 and (house = (2 or 4))
Up to four levels of nested parentheses may be used in any one condition. 
However, this need not be restricting since more complicated subset defini­
tions may be constructed using the alternative form
(condition) = (lop ) (condition)
described above. When using parentheses, whether for multiple values or 
for indicating precedence, always ensure that the number of right-hand 
parentheses matches the number of left-hand parentheses.
Appendix D 
Error m essages
GeoBase’s error messages are not produced in order to chide the user for 
making a mistake. They are intended to be informative, and form part of 
the learning stage through which all GeoBase users must pass.
It should be noted that some error messages may be a result of mis­
interpretation of abbreviations. When using abbreviations, always make 
sure that you do not use less than the minimum specified abbreviation.
D isk -error messages
D isk error -  continue? (Y/N):
This message indicates that GeoBase is unable to read from or write to the 
system master disk or Datadisk. To continue, first check that the disk in 
drive A is the master disk and that the disk in drive B is the Datadisk, and 
then press Y.
F ile not found -  try again.
This error will occur if the master disk in drive A is faulty or if the master 
disk has been removed. In this case GeoBase will attempt to boot the disk 
currently in drive A, or, if drive A is empty, will return control to cos. 
This error should not occur in normal operation of the GeoBase system. 
If this error occurs check that the GeoBase disk is inserted in drive A and 
try to restart the system. If this fails then it is likely that damage has 
occurred to the system disk.
No D atadisk  in  drive B.
Continue? (Y/N):
GeoBase has failed to find a correctly formatted and initialised Datadisk in 
drive B. Insert the Datadisk in the drive and press Y to continue, or press 
N  to return to the menu.
?no space?
This error indicates a shortage of space on the Datadisk and should not 
occur with Datadisks that have been formatted correctly.
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O th er error messages
Note that in the following section, ‘arguments’ refer to the values (numbers 
and words) that should follow each keyword,
? b a d  AUTOMAP a r g u m e n t s ?
The keyword a u t o m a p  must be followed by one of the words o n  or o f f .  
Re-enter the correct command.
? b a d  BASEMAP a r g u m e n t s ?
The keyword BASEMAP must be followed by one of the digits 1, 2 or 3. 
Re-enter the correct command.
? b a d  CLASSES a r g u m e n t s ?
The keyword c l a s s e s  must be followed by the number (in digits) of classes 
required. When constructing maps using the m a p  command, this number 
must be between 2 and 8 inclusive. When constructing histograms using 
the HISTOGRAM command, this number must lie between 2 and 64 inclusive. 
Re-enter the correct command.
? b a d  COLOUR a r g u m e n t s ?
The keyword c o l o u r  must be followed by the number (in digits) of the 
colour required, either 1, 2, or 3. Re-enter the command with the correct 
argument.
? b a d  DEFCOL a r g u m e n t s ?
Four numbers must follow the d e f c o l  keyword. Each must be between 0 and 
255 inclusive. Check the numbers following the keyword and re-enter the 
command.
? b a d  DEFEAT a r g u m e n t s ?
The DEFPAT keyword may be followed by between three and nine arguments. 
The first argument specifies the number of classes for which the new patterns 
are being defined. This is followed by a number for each class. The first 
argument must lie between 2 and 8 inclusive, and the following arguments 
must lie between 0 and 8 inclusive. Refer to the description of the command 
given in Chapters 5 and 6 for more information,
? b a d  ENDPOINTS a r g u m e n t s ?
The ENDPOINTS command must be followed by four numbers. The first 
pair defines the endpoint A and the second pair endpoint B. The first 
number in each pair must lie between 1 and the maximum horizontal grid 
size, and the second between 1 and the maximum vertical grid size. Use 
the EXPLAIN command to check on the extent of the grid and re-enter the 
command.
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? b a d  EQUAL a r g u m e n t s ?
The keyword e q u a l  (or, optionally, e q u a l  c l a s s )  must be followed by one 
of the words i n t e r v a l s  or s iz e s .  Re-enter the correct command.
? b a d  g r a d e s  a r g u m e n t s ?
The keyword g r a d e s  must be followed by one of the words i n c r e a s i n g  or 
DECREASING. Re-enter the correct command.
? b a d  KEY a r g u m e n t s ?
The keyword k e y  must be followed by one of the words o n  or o f f .  Re-enter 
the correct command.
? b a d  NAMES a r g u m e n t s ?
The keyword n a m e s  must be followed by one of the words o n  or o f f .  
Re-enter the correct command.
? b a d  PATTERN a r g u m e n t s ?
The PATTERN keyword must be followed by a digit between 0 and 8 inclusive. 
Re-enter the correct command.
? b a d  RANGE a r g u m e n t s ?
Two numbers (in digits) must follow the keyword r a n g e .  Optionally, each 
number may be proceeded by a sign, either ‘ + ’ or ‘ The numbers must 
lie in the range — 32766 to + 32768. Re-enter the correct command.
? b a d  STEP a r g u m e n t s ?
The word s t e p  must be followed by a number between — 32766 and + 32768. 
Re-enter the correct command.
? b a d  w i n d o w  a r g u m e n t s ?
The keyword w i n d o w  must be followed by either three or four numeric 
values, or the word o f f .  For information on how to define windows refer 
to Chapter 5 or 7. This error always sets the w i n d o w  parameter to its 
default value, that is, it sets w i n d o w  o f f .
? b a d  p a r e n t h e s e s ?
The left- and right-hand parentheses do not match, or there are too many 
levels of nested parentheses (a maximum of four nested levels is permitted) 
in a s u b s e t  or s h a d e  condition. Check the command line counting the left- 
and right-hand parentheses to check that there are the same number of 
each, and re-enter the command.
? b a d  v a r i a b l e  t y p e ?
This error will occur in two circumstances:
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1 . i f  a n  a t t e m p t  is  m a d e  to  d r a w  a n  i s o l in e  m a p  o f  a s t r in g  v a r ia b le ;  or
2 .  i f  a n  a t t e m p t  is  m a d e  to  c o r r e la te  a s t r in g  v a r ia b le  u s in g  th e  c o r r e l a t e  
c o m m a n d .
? c a n n o t  d o  e q u a l  c l a s s  s i z e s ?
An attempt has been made to draw a choropleth map with equal class sizes 
but there are more classes than values in the selected variable. Reduce the 
number of classes or select the equal class intervals method and re-enter 
the MAP command.
? e n d p o i n t s  c o i n c i d e n t ?
An attempt has been made to draw a cross section when the two endpoints, 
A and B, lie at the same point on the basemap. Use the e n d p o i n t s  or m o v e  
command to move the endpoints and then re-enter the s e c t i o n  command.
? m i s s i n g  o p e r a t o r ?
This indicates that a relational or logical operator was omitted when entering 
a subset condition.
? m i s s i n g  v a l u e ?
This indicates that a value (that is, either a string or numeric constant) was 
omitted when entering a subset condition.
? m i s s i n g  v a r i a b l e  n a m e ?
This indicates that a variable name was omitted when entering a subset 
definition or using a d o  command such as m a p  or s e c t i o n .
? m i s t a k e ?
An unrecognised word appears in the command line. Check the command 
line for spelling (be particularly wary of abbreviated keywords) and re-enter 
the command. If the error persists, check the command for syntax (see 
Chapter 3) and further check that all the words are standard GeoBase 
keywords for the current interrogation utility (the h e l p  command will 
provide a list of these words).
? n o  c l a s s e s  f o r  s h a d e d  m a p ?
An attempt has been made to construct a choropleth map; however, the 
variable contains no non-null grid squares. A likely explanation is that a 
window has been defined and no values lie within it. Check the setting of 
WINDOW (using the v a l u e s  command) and re-enter the m a p  command.
? n o  m a t c h e s  i n  s u b s e t ?
An attempt has been made to use the s t a t i s t i c s ,  h i s t o g r a m  or c o r r e l a t e  
commands for a subset or window that contains no values. Re-define the 
subset (using the s u b s e t  or w i n d o w  commands) and re-enter the command.
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? o n l y  o n e  s t r i n g  c l a s s ?
An attempt has been made to construct a histogram for a string variable 
that contains only one class. The most likely explanation of this is that a 
window or subset has been defined in which there is only one value. If 
you wish to know which value lies within such a window or subset, use the 
STATISTICS command.
? o p e r a t o r  -  * * * ?
The word *** was not recognised as a relational or logical operator. 
? p r i n t e r  n o t  r e a d y ?
This indicates that the printer is not on-line; that is, it is not ready to 
receive information sent to it by the computer. GeoBase will abort and 
return to the appropriate utility. Before re-entering the p r i n t  command, 
first check that the printer is connected and ready to receive data.
? t o o  c o m p l e x ?
An attempt has been made to enter a command line that contains too many 
DO words that are not separated by a t h e n  keyword, and GeoBase cannot 
tell in which order the d o  commands should be executed. For example, you 
may not include the keywords m a p  and s h a d e  in the same command line 
unless they are separated by t h e n .
? v a l u e  — * * * ?
The word *** was not recognised by GeoBase as a legal string or numeric 
constant.
? v a r i a b l e  n a m e  -  * * * ?
This indicates that GeoBase was unable to match the given variable name 
*** with any of the variables stored on the current Datadisk. If a new 
Datadisk has just been inserted, use the n e w d a t a  command to update 
GeoBase’s list of variables.
? w a r n i n g  -  t o o  m a n y  c l a s s e s ?
This indicates that more than eight different classes have been stored in 
one string variable. This is not really an error condition, but simply warns 
you that attempting to compile a choropleth map of the variable may give 
rise to spurious results. For a way around this problem, refer to the m ap  
command in Chapter 5.
Appendix E 
Hypothesis testing
In exploring the relationships between variables in a region or between 
regions, geographers are continually making and testing hypotheses. For 
example, they may suggest that unemployment is higher in one part of a 
city than in another; that amenities are related to the distance from a city 
centre or the age of housing; or that the yield for certain crops is related 
to the altitude or slope angle.
GeoBase has a number of facilities to help users test such hypotheses 
and quantify relationships between variables. The statistics utility will 
supply statistics such as the mean and standard deviation for any variable 
or subset of a variable, and will also give the percentage area of the basemap 
containing any specified value of a variable.
T he significance of the difference between samples can then be assessed 
using an appropriate statistical test.
I t should be noted, however, that while GeoBase will supply the data 
and calculate certain statistics it is up to the user to select and apply the 
appropriate test. M ost of the common statistical tests make assumptions 
about the distribution of the variables under investigation (normal popu­
lations and equal variances for example) and these need to be considered 
by the user. I t is often safer to use non-parametric tests such as the Chi- 
squared or the M ann-W hitney U  test although they are not as powerful as 
S tudent’s t-test when the assumptions of the latter are met.
Some common tests used to assess hypotheses are given below with a 
note of the relevant statistics which can be calculated automatically using 
GeoBase.
Significance o f  differences
In general it is worth noting that we test the difference between two statistical 
measures by dividing the difference by the standard error of this difference. 
T he resulting value is interpreted as a 2  or r value depending on the size 
of the samples, and the level of significance read off from the appropriate 
distribution table for z  (deviates of the normal distribution) or t.
It should be noted, however, that as the standard error of the differences 
is a theoretical value that can only be approximated from the experimental 
values, all the formulae given below for SE^iff are estimates only. Their 
accuracy will depend on various factors such as the size of n.
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Significance o f  the difference between means
The Student’s t-test gives the value of t as 
difference in mean scores
t =
standard error of the difference in mean scores
Xt Xj
diff
where x^ and X2 are the respective sample means and S’Ediff is the standard 
error of the difference. For mean scores the standard error of the difference 
is given by
where <7i and <T2 are the standard deviations of the two samples and and 
«2 the numbers in each sample.
^13 ̂ 2 j j 0-2, «1 and «2 are given directly by GeoBase’s statistical tabulation. 
T he significance of values of t and z  can be read directly from statistical 
tables.
Significance o f  the difference between two percentages
Assuming that neither of the percentages is extreme and that the size of 
each sample is reasonably large, the value of z  is calculated as follows
SE.diff
where and p 2 are the percentages in each sample.
For percentages the standard error of the difference is calculated as
= /Mi+Mî ...1 
V ri2
where and M2 are the number in each sample and q^=  100  —/>i and
Q2 =  100 -/>2.
A better approximation which is safer to use than 1 above is
—  /pqi—  +  —V \»1 »2
where
Ml + M2
Pi) p 2 3 Ml and M2 can be found directly by GeoBase’s statistical tabulation.
Significance o f  the difference between correlation  
coefficients
If  we wish to test the hypotheses that two correlations ^12 and from 
sample sizes and M2 respectively are not significantly different, that is.
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are not representative of the same parent population, we can once again 
apply the basic test
= ’■12 '■34
f;diffSE.
As the sampling distribution of r is not usually normal, however, the formula 
is reworked in terms of F isher’s Z transformation and then if
ri2 = Zi and = Z2 
(as given in the standard conversion table) then
_ Zi - Z2
where the standard error of the difference is given by
+ 3
Pearson correlation coefficients, r, and and «2 are given directly by 
GeoBase’s c o r r e l a t i o n  command.
Significance o f  the differences between categorical d a ta  
{frequencies) fro m  tw o or more sam ples
One of the most useful tests for assessing the significance of differences 
which can be summarised in tabular form is the Chi-squared test. M uch 
of the data in GeoBase can be summarised in this way and the significance 
tested by Chi-squared. I t is a non-parametric test and has the advantage of 
being applicable to data in discrete categories without making any assump­
tions about the distribution of the variables.
The general formula is
where O is the observed frequency of the data and E  is the expected fre­
quency (on the basis of some hypotheses). The difference between the 
observed and expected frequencies are squared and divided by the expected 
number in each case and then summed over all cases. T he significance of 
Chi-squared is evaluated from a table of Chi-squared values in accordance 
with the num ber of degrees of freedom in the calculation
d f = {r -  \){c -  \)
where r is the num ber of rows and c the num ber of columns in which the 
data are tabulated.
Frequencies in different categories can be arrived at by using GeoBase’s 
facility for looking at differently defined samples using the s u b s e t  or s h a d e  
commands. The appropriate statistical measures are given directly by 
GeoBase.
C alcu la tion  o f  the correlation  coefficient
Pearson’s product-m om ent coefficient of correlation, r, is used to quantify 
the relationship between "two variables (given as corresponding pairs of
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values), assuming that there is a linear relationship between them. For 
example, one could investigate the relationship between wheat yield and 
angle of slope.
The correlation r is the mean of the products of corresponding standard 
scores. It takes into account the position of each value in a group and its 
deviation above or below the group mean. It is derived by considering the 
angle between the lines of regression, that is, the lines of ‘best fit’ which 
best approximate to the distribution of pairs of scores (using the method 
of least squares);
where n is the num ber of pairs, x  and ÿ  are the group means and and a y 
the group standard deviations.




where dx = x — x and dy = y  — ÿ  over all values of x and y .
T he value of r is calculated directly by GeoBase.
Appendix F
Data sources
The list below gives some indication of the vast and complex range of 
statistical data available in the United Kingdom from official sources. On 
a local scale they should be supplemented by material available from the 
D istrict or County Planning Departments, and here it is impossible to 
specify the range of materials available. On a regional basis, regional offices 
of the relevant ministries (Environment, Industry, Employment and Agri­
culture) hold large quantities of data and produce regionally-orientated 
occasional papers. A feel for the breadth of material available can be obtained 
from the list below, and in particular from the first reference cited. No 
attem pt can be made to suggest sources of international data; there are too 
many.
G eneral
Central Statistical Office Guide to official statistics
H M SG
Central Statistical Office Annual abstract o f statistics
H M SO
Census d a ta
OPCE, customer services Rural 1981 census 
Titchfield
Urban 1981 census
In d u str ia l d a ta
A wide variety of data sources exist on U K  industries following the basic 
Standard Industrial Classification. Some examples are listed below.
Iro n  a n d  s tee l Annual statistics
N C B  Statistical tables
C E G B  Statistical yearbook
Digest of U K  energy sources
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A gricu ltu re
N ational
Parish
H yd ro lo g y




D OE water data unit
C lim ate
Meteorological Office Monthly and annual abstracts
T ran sport
T he General traffic census ,̂ conducted annually, contains flow details from 
6700 census points in August each year.
Appendix G
Printers
GeoBase provides a num ber of options requiring the use of a printer.
. It is an unfortunate fact of life that each type of printer requires a different 
set of instructions for printing high-resolution graphics, and hence each 
type needs a different printer driver (program). T he printer driver included 
with the GeoBase system is designed for use with EPSON  printers; however, 
it is possible to patch (change) the driver to suit other printers (see below).
For information on printer types refer to your computer and printer 
manuals. However, a brief summary of printer types is given in Table 
G l.
code printer type code baud rate
1 SIO -1 0 110
2 SIO -2 or SIO -2B 1 300
3 Parallel 2 600
4 SIO -4 3 1200
5 SIO -5 4 2400
6 SIO -6 5 4800
6 9600
Table G l Printer and baud codes.
P atch ing  the driver
Inexperienced computer users should not attempt to patch the printer 
driver, and should ignore the remainder of this appendix or seek the advice 
of an experienced colleague.
T he way in which the EPSON  printer driver works is as follows. T he 
printer is first set to a line spacing compatible with high-resolution printing. 
I t is then given the num ber of bytes of bit-image data that are to follow and 
then the bytes for one line of high-resolution screen. Each line then follows, 
preceded by a C R /L F and the num ber of bit-image bytes. Before exiting, the 
driver resets the default line spacing.
If  the printer for which a new driver is being designed is capable of 
receiving data in an identical form (although the control codes may be 
different) then the driver may be patched using the CP/M  D D T  facility.
W ith a copy of the GeoBase master disk in drive B (do not attempt to 
patch the original) and the C P/M  master disk in drive A, the process of 
patching can be initiated by entering the command
A >  DDT B: p r i n t
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The desired changes can then be made by entering the front panel, and the 
new version saved by using the CP/M  sa v e  command. The program must 
be saved under the name p r i n t  (with no file-type specification).
Figure G l lists the assembly code locations of the user patches.
^strings to be sent to printer 
;(user patchable)
5
;each string is preceded by a 
;byte indicating the length of 
;the string
;this is the string that must be 
;sent to execute a CR /LF
0103 01 DEFB OlH
0104 OAOOOOOO DEFB (LF),0,0,0,0
;set line spacing to 6 printer 
;pins i.e. for EPSON set line 
;spacing to 6/72nds inch
0 IOC 03 D EFB 03H
OlOD 1B410600 DEFB (ESC),‘A’,06H,0,0
;set line spacing to 7 dots
0112 03 D E F B 03H
0113 1B410700 DEFB (ESC),‘A’,07H,0
;set line spacing to default
0118 03 D E F B 03H
0119 1B410C00 DEFB (ESC),‘AT2D,0,0
5
;the following string should be 
;sent to indicate to the printer 
;that 318 bytes of bit-image data 
;(single density) are to follow
01 IE 04 D E F B 04H
01 IF  1B4B3E01 DEFB (ESC),‘K ’,318D M OD256D,318D/256D,0
;the following string indicates 
;to the printer that 382 bytes 
;of bit-image data are to be sent 
this is used for double size
0124 04 D EFB 04H
0125 1B4B7E01 DEFB (ESC),‘K ’,382D M OD256D,382D/256D,0 
012A ;end of user patch allocation
Figure G l User patch allocation.
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W ritin g  a driver
Experienced machine code programmers may choose to write a printer 
driver to fit a specific environment. I f  this is the case then it is im portant 
to exit from the driver in the correct manner so as to be fully compatible 
with the GeoBase system. The assembly code listed in Figure G2 should 
thus be used to ensure an orderly return  to GeoBase.
;this routine should be assembled 
;as part of a user-designed and 
im plem ented H R G  printer driver. 
;The routine should be executed 
;on completion of output, and will 
;return control to the calling 
;utility without loss of 
; variables. T he driver should not 
;access memory between H IM E M - 
44H
;and H IM E M  (given by location 
;00006H). You should ensure that 
;the SP register and interrupt 
;flags are preserved. You are 







SBC H L ,D E














SBC H L ,D E
EX D E ,H L
LD H L ,E N D G O
LD B C ,E N D G O -L G O + l
LD D R
IN C DE
EX D E ,H L
JP (HL)
XOR A
LD (FCB + 020H),A
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FA IL:
EN D G O :
LD HL,00100H
:PUSH H L







JR N Z,FA IL
LD DE,00080H
POP H L






Figure G2 Printer driver interface.
;BDOS
;note: FCB stands for file 
;control block and can be set 
;to any available memory 
iocation, however, a useful location 
;is at 0005CH.
T he purpose of the driver is to dump the H R G  screen; For information 
on the H R G  screen refer to the appropriate computer manual.
Glossary
This glossary contains terms relating to computing in general and GeoBase 
in particular. For a list of commands and options refer to Appendix A.
A BORT what to do when you change your m ind; a process of exiting from a function 
and returning to the beginning stage
A L G O R IT H M  à method or procedure used by a com puter program
A LPH A N U M ER IC  a letter, symbol or digit
A M PL IT U D E  for the purpose of GeoBase, the distance between the highest and lowest 
points on a cross section
BACKUP (or back-up) to make a copy of a disk for storage in a safe place
BAR CH A R T a diagram illustrating a distribution (spread) of a variable; normally, it refers 
to discrete distributions, that is, string variables
BASEMAP an outline map of the main features of a region that gives a frame of reference 
for graphical output
BIM O D A L having tw o modes; see mode
BOOT com puter language for loading and running a control program such as 
GeoBase or CP/M
C H O R O PLET H  M AP a map with shaded regions
COM M AND  a word or words that pass an instruction to GeoBase
C O N T R O L KEYS keys which must be pressed and released whilst holding down the C T R L
key; for example, C T R L -P  (or P) means hold down the key marked 
C T R L  and then press and release P whilst still holding down the C T R L  
key.
C O O R D IN A T E the numeric label given to a grid square
C O R R E L A T IO N  a numeric measure of the strength of a relationship. N ote that GeoBase 
C O E F F IC IE N T  calculates the Pearson product-m om ent coefficient.
C P/M  Control Program for M icrocom puters, a type of operating system
CROSS SE C T IO N  a diagrammatic representation of a plane surface formed by cutting across
a solid
C T R L  see C O N T R O L  KEYS.
C U RSO R a special character used to indicate a position on a screen
D A TA  the information held on a computer
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DATABASE
D A T A D ISK  
D E FA U L T  
D E L E T E  KEY 
D E L T  
D ISK  
D ISK  D RIV E 
D O T  
D RIVER
a collection of data stored and organised so that user requirements can 
be met
the disk upon which data analysed by GeoBase is stored 
an assumed or normal value
pressing this key causes the last entered character to be erased, 
see D E L E T E  KEY
a magnetic medium on which data and programs are stored 
the instrum ent that reads and writes data to and from a disk 
one point on the mapping screen 
see P R IN T E R  D R IV ER
E N D PO IN T  the end of a line of section
FA TA L a terminal error from which the computer or user is unable to recover. 
Should this happen the only option is to start again
FEA TU R E see O PT IO N
FO R M A T a C P/M  program used to alter a blank disk so that it can be used by the 
computer
F U N C T IO N  see O PT IO N
GEOBASE 
G RID  SQUARE
HARD COPY 
HARDW ARE 
H A T C H IN G  
H E L P M ESSAGE 
H IST O G R A M
IN T E N S IT Y
IN T E R PO L A T IO N
M A PPIN G  SCREEN
M EAN
M ED IA N
M EN U
M EP
M O D E
a GEOgraphical dataBASE computer interrogation system 
one of a num ber of hypothetical squares that cover a region
the output from a printer
the actual bits and pieces that make up a computer system 
parallel or crossed lines used to indicate shading density 
a message that presents a summary of the options available to the user 
a diagram that illustrates the distribution (spread) of values
the colour or ‘greyness’ used in graphical output 
estimation of a value between values that are already known
the GeoBase screen is divided into two portions; the upper portion (on 
which maps and diagrams appear) is called the mapping screen
an average, calculated by finding the sum of all the values and dividing by 
the num ber of values
an average; the middle value once all values are sorted into order 
a list of utilities from which the user can select the utility required 
Microelectronics in Education Programme
an average, the most frequently occurring value; a method or way of acting, 
as in interrogation mode cf management mode
M O N IT O R  a television or video screen connected to a computer
The GeoBase database system provides 
facilities for the display and analysis of 
spatial variations and intervariable 
relationships. Three main analytical 
techniques -  mapping, sectioning and 
statistics -  provide the user with a flexible 
means of interrogating large amounts of 
spatial data. Most importantly, GeoBase 
provides a medium for the storage of data 
collected by the user. Once entered onto a 
‘Datadisk’ using a powerful editing facility, 
this data may be directly interrogated.
The variables are viewed one against 
another within a framework of basemaps.
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Preface
D uring the development of GeoBase we have used it in a variety of schools 
and classrooms, modifying its procedures and adding capabilities to the system 
to suit the classroom requirements of both teachers and pupils. Guidance 
on the use of the system itself is given in the User’s Guide and the two 
booklets. Making Databases and Using Databases', but we felt it im portant 
that the documentation should also include a report on the actual experiences 
of some of the teachers who have used the system in their geography lessons. 
(Although the system was mainly designed for geographers we have also 
been aware of its potential in other subjects, such as biology, where distribu­
tions of variables are common).
This booklet is not a formal evaluative report, but a collection of case 
studies from our observations and from descriptions by teachers of their 
successes and problems in using the system. We hope, however, that they 
will provide a flavour of GeoBase’s potential in the classroom -  from lower 
school work to individual projects at A-Level.
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1 Using databases in the 
geography classroom
In troduction
Computer assisted learning appears to follow a typical pattern of curriculum 
innovation with a considerable gulf between enthusiastic innovators and 
the less knowledgeable practitioner. Geography teachers, however, have 
been much more amenable to computer uses than teachers of some other 
subjects possibly due to the widespread uses of the computer in ‘real’ 
geographical work, for example with meteorological data, social and demo­
graphic surveys, and census information; and to the belief that the teaching 
of geography should involve both teachers and pupils in thinking about 
and analysing relationships between variables. T he basic case for including 
geography in the school curriculum, it has been argued (1), rests on its 
ability to help pupils identify and explain recurrent physical and human 
spatial patterns, the processes which work to create these patterns and the 
complex factors which link places together. There is a need for factual 
information and relevant data, but the essential development of the geo­
graphical concepts arises from the identification and analysis of relationships 
and the move towards the establishment of concepts and generalisations.
In this light we see the microcomputer as a powerful aid to help store, 
retrieve, manipulate and display information. However, from the geography 
teacher’s point of view, database interrogation systems have usually fallen 
short in one im portant respect, namely the way in which the results of a 
search are presented. Generally only lists of information are produced in 
response to user requests based on logical or ordering relationships, such 
as ‘and’, ‘or’, ‘greater than’, ‘equal’ and so on. For geographers this method 
of interrogation and display has limited the type of concept that can be 
illustrated. GeoBase, however, has been especially designed to display and 
analyse information in such a way that spatial trends and inter-variable 
relationships can be readily explored with maps, cross sections, graphs and 
related statistical techniques. We hope that these capabilities will match 
the teacher’s requirements for a system that is really useful and relevant.
P lanning  an d  P repara tion
As with most new approaches, incorporating the microcomputers into 
lessons will call for a good deal of preparatory work. While the computer 
will help manipulate and display data in a m inute fraction of the time it 
would take to perform similar tasks manually, it does not release the teacher 
from the need to spend a good deal of time in preparing and planning 
lessons, whatever style of learning is adopted. At the start, teachers are likely 
to find increased demands on them in planning their lessons, and this is 
clearly a significant activity in the case studies which follow. Pupils often 
need guidance in the use of the computer, an introduction to the facilities
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of GeoBase, exposition and discussion about the underlying geographical 
ideas, and access to maps, worksheets, exercises and wider references.
There is also a clear need for teachers to be able to justify the use of 
computers in relation to their aims for geography teaching and the syllabuses 
they follow -  whether it is for an examination or general education. Many 
existing programs for geography focus on specific concepts and skills and 
are precisely related to definite areas of the curriculum. While this makes 
their value clear for some particular topic, it is understandable that many 
teachers find that, unless the computer is very readily available and there 
is an additional stock of such software for other topics, it is hardly worth 
the effort involved in using the computers for just a single lesson or two. 
Things are changing, however, for microcomputers are becoming cheaper 
and more readily available, pupils are becoming more and more familiar 
with computing techniques, and the spread of information technology has 
implications for learning which schools have to face. Access to all sorts of 
information is becoming possible through databases and telecommunica­
tions and there are associated skills which schools need to help pupils 
develop. W ithin the geography classroom, access to real information has 
obvious curriculum relevance in its potential for stimulating pupils to form u­
late questions about relationships between and amongst people and places, to 
analyse relevant data and make and test hypotheses. Database interrogative 
systems are there to foster this sort of enquiry and are consequently of 
wider relevance than topic-dependent software.
M aximum flexibility is built into the GeoBase system by the way in 
which it provides a means whereby teachers and pupils can build up their 
own databases for particular areas or activities -  fieldwork data being an 
obvious example. At the same time it is recognised that many concepts can 
be studied from representative sets of data, for example on an inner city 
or a region of general geological or socio-economic interest, and we hope 
that a collection of such databases will become nationally available. The 
specimen database on Purbeck is included in the GeoBase package while a 
large database on the Bristol area has already been compiled and others are 
being developed.
Collecting the data and preparing it in grid form for entering into the 
database can vary from a relatively simple exercise taking a few hours 
to one which takes many weeks of time and effort. The data can be continu­
ally updated and modified and further variables can be added at any time 
provided they are compiled to match the grid area. Examples of different 
approaches to database use and construction are described in the case studies.
Although at first sight this may appear to be simply a tedious task, it does 
in fact involve many im portant skills that geography teaching can foster. 
M aking decisions about limits of the area to be mapped, the num ber and type 
of variables, the availability of sources of data, the degree of accuracy 
required and some of the potential lines of enquiry, are, in themselves, of 
educational value. A great deal of geographical discussion is, therefore, likely 
to take place even before the interrogative power of the system is used.
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The classroom case studies
As the case studies will illustrate, there are many day to day problems to 
face when using the microcomputer in geography lessons, and these will 
vary depending on the teacher’s experience, the methods used, the topics 
covered and the availability of resources. One of the factors that makes a 
system such as GeoBase so useful, however, is its flexibility and potential 
in very different types of lessons -  from teacher-led exposition and dis­
cussions, using the computer to present and manipulate data for the whole 
class, to individual investigations where only one or two pupils may use 
the system at a time. There are likely to be as many variations as there are 
teachers, but there are also general issues and ideas and we hope the following 
experiences of teachers will communicate some of these.
It is im portant to realise that they are experiences from pilot work with 
a new system and that the teachers involved had varying previous experience 
of using computers in their lessons. We feel that their reports may be all 
the more useful as a result.
T he examples given are obviously not meant to be prescriptive in any 
way. In  fact we believe strongly that computer uses will only become wide­
spread if teachers become personally convinced that they offer something 
over and above what is possible in their ‘normal’ lessons. Although the 
initial preparation demands some extra work and problems will arise, the 
continued enthusiasm of the teachers who have been involved in our pilot 
work encourages us to believe that such efforts will be very worthwhile for 
teachers and pupils alike.
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2 Problem  solving in 
the sixth form
This case study shows how teachers can design and produce their own 
simple database and how one such database might be used for a problem­
solving exercise with a lower sixth form. Although the writer, Julia 
Duckworth, had some experience with using computers in the geography 
classroom, the work described here was started after a short introductory 
course in using GeoBase.
Julia and a colleague (Andrew Ross-Sm ith, H enbury School, Avon) spent 
half a day preparing a Datadisk based on an exercise on N orth Yorkshire 
taken from M ottershead (1). T he form of the data source was such that 
very little re-writing of the raw data proved necessary, except that they had 
to choose a grid size (bearing in mind the limitations of time and the data 
source) and ‘fit’ the data into that grid. They chose a grid size of 20 x 20, 
and entered four variables (landuse in 1950, landuse in 1975, altitude and 
geology) and a basemap showing drainage. They felt that this would illus­
trate the features of the region that they considered important.
T he following describes Julia’s first classroom experience with GeoBase, 
using the N orth  Yorkshire database.
Case study 1
Julia Duckworth, Head of Geography, St Marks School, Bay Tree Road, 
Bath. BAl 6ND.
M y first aim in using the database was to reinforce and build on work done 
in previous lessons with the lower sixth on rock types, weathering, landscape 
and landuse.
Secondly, I wanted to use the GeoBase system to introduce more general 
enquiry skills into lessons, using the computer as an investigative tool to 
explore relationships both spatially (using choropleth maps) and statistically 
(by making and testing simple hypotheses). I also wanted to use the GeoBase 
facility to add a ‘dynamic’ element to the ‘fixed’ maps of textbooks by 
getting students to choose different variables to map, and to present them 
in different forms. I also felt that using cross-sections would be very helpful 
in highlighting certain features and relationships.
Prior to the lesson I prepared my own ‘GeoBase information sheet’ to 
guide students in operating and interrogating the database. I t included 
advice on entering the system, mapping a variable, shading patterns, classes, 
isolines and cross-sections. In addition, I briefly dem onstrated the operation 
of the system at the start of the lesson.
A worksheet of exercises was drawn up before the lesson. Originally this 
was intended to contain geographical questions only, but on reflection I 
decided to include some further ‘prom pts’ on how to operate the system. I 
think this turned out to be a wise decision. T he exercises began by being 
highly structured and gradually became less so, in order to match the 
students’ increasing confidence in using GeoBase.
On the worksheet. Exercise 1, involved the siting of a small upland catch­
ment reservoir, and is reproduced as Figure 2.1 overleaf.
1 0  CASE STUDY 1
Exercises based on the N o r th  Y orksh ire Landuse  
database disk
You should have: 1. a copy of the basemap;
2. a Reference Information Sheet.
E xercise 1 The siting  o f  a sm all catch m en t reservoir
T he aim of this exercise is to study carefully the geology, altitude and 
landuse in 1950 and decide on a potential site for the reservoir.
1. Follow first the general information for Choropleth maps from your 
Information Sheet (Section A).
2. Using the commands available (see Section B) decide on your reservoir 
site.
T he variables available are: geology
altitude 
landuse 50 
Key to abbreviations shown on the maps:
G eology LanduseSO
kr =  Kellaways Rock mo - M oorland
(sandstone and shale) pa = Reseeded pasture
oc =  Oxford Clay oa = Oak
Ic = Lower Calcareous G rit re = Reafforested needle -  leaved
(sandstone) trees.
3. M ark the chosen site on the copy of the basemap and write a few notes 
describing: 1. the reasons for the choice of site;
2. any other variables you would like to have known.
4. Now map Landuse 75. Was your site near to the one selected? Discuss
your results
N O T E : Use the printer to print out any of the maps you need to illustrate 
your investigation.
Figure 2.1 Exercise 1 from the Students’ Worksheet
T he remaining exercises can be summarised as follows:
E xercise 2
Investigate the hypothesis that ‘Clay is found in lowland level areas’. 
E xercise 3
Explore i .  the probable reasons for oak growing where it does;
2 . the suggestion that the position and amount of oak woodland 
has remained unaltered over the period of the landuse surveys.
E xercise 4
Compare the distributions in 1975 of ‘Newly ploughed land’ (np) and ‘Re­
afforested land’ (re), and draw conclusions.
H ints were given on each exercise so that appropriate techniques could be
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used. For example, in Exercise 2 it was suggested that the s h a d e  command, 
isolines and cross-sections could be used, and some of the procedures for 
cross-sections were outlined. In Exercise 4, a more formal analysis with 
data from the statistics utility was advised.
Outcomes
The lesson was organised so that the students could follow the worksheet 
at their own pace, working in small groups, and I was left free to organise 
access to the one computer available. Although the class would have bene­
fited from having more computers available, the exercises demanded that 
the students spent some time detailing their results and conclusions, and 
so I was able to arrange for the use of the keyboard to be spread over the 
time available.
Not enough time was available during the lesson for the students to use 
the printer to record all the diagrams and results that they produced. How­
ever, I arranged for them to do this in private study periods before the 




re =  r e a f f o r e s t e d  n e e d l e -  
I ' l e a v e d  t r e e s
I  ̂ ! pa  -  r e s e e d e d  p a s t u r e
[ _ i ca  =  o a k
j I m o  -  m o o r l a n d
l a n d u s e  50
Figure 2 .2  Chloropleth map produced during Exercise 1
Figure 2.2 is an example of one of the chloropleth maps produced during the 
first exercise. Further work involved the use of the cross-sections and the 
statistics utilities, and examples of printouts from these later exercises are 
shown in Figures 2.3 and 2.4. Figure 2.3 shows the use of cross-sections 
with two variables, altitude and landuse in 1975 superimposed. T he belt of oak 
woodland, for example, is easily seen and can be related to work on Exercise 3.
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Base Map
Position of endpoints A and B for cross section
LANDUSE'75
; mo = moorland 
pa - seeded pasture 
oa = oak
Cross section from 
endpoints A to B. altitude and Ianduse75
Figure 3 .3  The use of  cross-sections with two variables, a lt i tude  and landuse 
in 1975 superimposed
During work on Exercise 4, the statistics facility was used to produce 
details of the altitude of newly ploughed land, as shown in Figure 2.4 under the 
headings:
Variables: altitude
Subset: l a n d u s e 7 5  eq n p
It can be seen that the newly ploughed land was located entirely between 
700 and 900 feet, and, in terms of altitude alone, this differed considerably 
from the altitude of the earlier ploughed land. Other features such as the 
geology could be examined in a similar way, and statistical measures such 
as the mean and standard deviation calculated by the system as in Figure 
2.4. Statistical tests could be applied using the given data.
'X \ \
Variable : ALTITUDE 
Subset : LANDUSE 75 EQ np
Matched : 5%
Lowest : 700 Variable : GEOLOGY
Highest : 900 Subset : LANDUSE75 EO np
Mean : 803 Matched: 5%
Standard




geology eq Ic and Ianduse75 eq np
r " ] n p  r ~ i  Ic
Figure 2.4 S ta tis tics  and map produced by Exercise 4
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Conclusions
It was clear that using the GeoBase system allowed a more flexible approach 
to problem solving than would other teaching resources. The system m oti­
vated the students to discuss their ideas with each other, and the viability 
of these ideas was then investigated by interrogating the database. This 
gave the lesson a dynamic element and involved the students in real assess­
ment of their ideas.
Of all the GeoBase utilities, the ability to produce a variety of cross- 
sections that allowed pupils to ‘see’ landscapes was particularly useful.
I shall use GeoBase again in the future with the sixth form and lower 
down the school. It is possible to use the same database for a num ber of 
related topics and further variables can be added if required.
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3 Group work in the 5th Year
Derek Marshall is head of geography in an 11-16 comprehensive school in 
Swindon. He was introduced to GeoBase at a one-day course organised by 
the W iltshire Education Authority, and decided to use the Purbeck Datadisk 
in a follow-up lesson to a fieldwork day spent with 5th year pupils on the 
Dorset coast between W hite Nothe and Lulworth Cove. In his own words
‘T he database allowed the class to examine, in another context, many of 
the ideas discussed during the fieldwork . . .  comparisons were drawn and 
conclusions reached on a range of ideas from simple features to more 
complex relationships between settlement, drainage and relief. All such 
work fits in well with the G CE/CSE syllabus areas of physical geography 
and map reading and interpretation’.
In the course of the lesson, the class was divided into four groups, and 
each group was given a different worksheet entitled as follows:
Group 1 ‘To investigate the link between relief, structure and rocktype’. 
Group 2 ‘To investigate the link between settlement, relief and drainage’. 
Group 3 ‘To examine cross-sections of rocktype and draw conclusions 
on the relationships revealed’.
Group 4 ‘To use isolines and individual rock-types to draw conclusions 
on links between geology and relief’.
It is not possible to show all four worksheets in the limited space available 
here, but Worksheet 2 is reproduced as Figure 3.1.
Derek designed his worksheets so that his pupils examined only simple 
relationships in the first instance, combining this with an introduction to 
the use of GeoBase. Following this introductory use of the system, he was 
later able to ‘expand’ the interrogation to look at more complex geographical 
relationships.
Soon after using the program for the first time, Derek put his thoughts 
on paper. His comments are reproduced in the following pages.
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GROUP 2
Aim: To investigate the link between settlement, relief 
and drainage.
MAPS
TYPE —  BASEMAP 2
1. What relationships are there between settlement and 
drainage?
Mo3t yôetUemciit5 are near riA/ere.
^  ya/fe<
TYPE —  MAP ALTITUDE WITH CLASSES 3
2. Is there any clear link between settlement and altitude?
fKlost /Seulement are on the edge of h/igh gmmd- 
tKcepUcns are Swtmage and Harma/nJô Crtr̂ s.
y- ?
3. Are the settlements sheltered from SW winds?
Yc4.
A. Are any settlements exposed? Which ones?
Y&5. TrobaJblg Worth MaUraver^. i f  ̂  ûtj
o f  p/afecM.
5. How many gaps are there in the N. Ridge?
Owe w afer  gap, one mnd gapy-
TYPE SHADE LANDUSE EQ UR WITH COLOUR 1
6. Which is the largest settlement?
Swxmage
7. Give two reasons for its growth using the map.
On a yShMered Space to grow on ioujian^
TYPE FINISH
Figure 3.1 Worksheet 2: to investigate the link between settlement, relief and 
drainage
Case study 2
Derek M arshall, Head of Geography, Churchfields School, Salcombe 
Grove, Swindon. SN13 1ER.
It had to happen . . .  the first lesson using the microcomputer! For over a 
year, after having been on a three-day residential computer course, I had 
pondered, hesitated, felt not a little anxious at the idea of presenting a 
‘com puter’ lesson to pupils. The spur arrived in the form of GeoBase, the 
first computer program that excited me enough to overcome the inherent 
fears of machinery and to breach the self-imposed barriers of the ‘standard’ 
geography lesson. This I had to share with pupils!
How to do it!
I finally decided to have a class discussion, a demonstration of the program ’s 
potential, and to follow this by group work.
The class was invited to form a semi-circle in front of the computer 
display monitor at the front of the classroom so that everyone had a reason­
able view of the screen. It was a fifth year class of some mixture, containing 
able ‘O’ level candidates and CSE candidates of average ability, the common 
factor being that we had been on a day’s fieldstudy on the Dorset coast -  an 
area with the same basic rocktype.
I began the lesson by asking the class what information they would wish 
to know about Purbeck.
Someone suggested ‘rocktype’ . . .  which I produced on screen, pointing 
out the complications of such a map. T hen I was able to show the single 
rocktypes such as the chalk and the Wealden clay by building up the display, 
using the colours available, whilst asking the class questions to direct their 
attention to the relationships being revealed such as rocktype and shape of 
coastline.
Someone else asked for ‘drainage’ . . .  allowing me to display basemap 
3 as an overlay onto the simple geology map I had already produced. This 
showed the link between drainage and rocks very well and developed the 
discussion nicely.
I asked the class what techniques other than maps they might use to 
study an area. Answer . . .  ‘cross-section’. GeoBase can produce sections 
quickly and easily which I did, pointing out the idea of relating sections of 
altitude and rocktype.
This part of the lesson was intended as an introduction -  to computers, 
to the program ’s potential, to the key idea of relationships -  and to arouse 
interest and whet the appetite! So far so good . . .  all was going well.
I asked the class to organise themselves into four groups, which they did 
with no fuss. Group 1 were given worksheets and they began working on 
the computer. They organised themselves in usual group fashion by someone
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taking the lead and typing in the printed instruction. Meanwhile I gave out 
an OS map extract on the Isle of Purbeck and a worksheet that I had printed 
out, to complement the computer based work.
G roup 1 were producing the correct displays and were discussing the 
questions avidly, only needing help over some of the terms I had used on 
the worksheet such as ‘relief and ‘grain’. This group was composed of the 
lowest ability pupils of the class. They re-did one or two displays to ‘improve 
the colour’ and were thus a bit slow to complete the worksheet.
Groups 2 and 3 changed over automatically without any need for prom pt­
ing or any advice on their particular tasks.
By now I discovered I had made some simple errors of class management.
1. I had allowed G roup 1 to linger on the computer. This meant that there 
was insufficient time for Group 4 to take their turn during the lesson. 
They returned in the lunch hour voluntarily, to complete their worksheet.
2. There was not enough time left for a final class session in which to 
draw out and emphasise conclusions.
3. Because I hovered in the vicinity of the computer, almost sharing in the 
group involvement, I gave scant attention to the work being done by the 
rest of the class . . .  who were in fact working well. My normal practice is 
to circulate around the class, speaking to each group over the work in 
hand. This I did not do!
Som e conclusions w ith  this v e ry  f ir s t  com puter lesson.
Simple mistakes can be put right and I felt pleased with the overall plan 
of the lesson, how it went to a large extent, and certainly with how the 
class interrogated the database with only the guidance of the worksheets I 
had provided.
At the next lesson I found that the class had a stronger grasp of the ideas 
of relationships between factors of physical environment. I had gained con­
fidence in using the microcomputer and was now keen to use this lesson 
or a similar plan with other classes. This I have done, including use of the 
GeoBase to illustrate a point . . .  for example, during a lesson on simple 
geology, to demonstrate a band of surface rock, and to develop the lesson 
discussion towards thinking about the land-surface and the rocktype and 
physical processes involved.
W h a t next?
M y initial plan is to produce some simple databases to insert in the syllabus 
for all years in the School, aimed at exploring relationships which come 
over well with GeoBase.
As to class management whilst using the microcomputer, the idea of 
group work using clear, simple worksheets which contain the exact instruc­
tions to get the correct display seems to be satisfactory. I see the program 
as being a tool which is available in the classroom . . .  not as the star attraction, 
but an accepted way for information to be gained. Ideally a pupil could go 
to the com puter when need for a specific ‘display’ is there, as part of an 
investigation, development of a project, or to appreciate a particular relation­
ship.
I believe that one of the key advantages of GeoBase is its simplicity;
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pupils may examine clearly presented information under the guidance of the 
teacher, or research some facet of their own work.
As a fast way of reproducing accurate information, easily displayed and 
allowing a variety of approaches, it must become an essential part of all 
geography departments!
4 A first year exercise
Geography graduates following the PGCE course in the School of Educa­
tion, University of Bath, work regularly in The Ralph Allen School. For 
the first few weeks of the Spring term  1985, two of the group were teaching 
a first year class each week. T he syllabus included the objectives listed below:
Subject matter: physical geography -  formation of rocks
Key ideas: landforms are the result of the underlying geology and the 
processes acting.
T he first two weeks of the term  concentrated on ‘rock types’, involving the 
pupils in examining and classifying a variety of specimens to find out their 
main characteristics as well as to consider their origins.
Lesson three was scheduled to introduce the relationship between ‘rock­
type’ and ‘landform’. T he two students, Gary Davies and Robert Sims, 
decided to use GeoBase with the Purbeck Datadisk to illustrate this relation­
ship by examining:
1. the main drainage pattern in relation to areas of clay; and
2. the relationship between altitude and rocktype.
Although it would have been preferable to have used the microcomputer 
in the geography room, the R M L 380Z was only available in the micro­
computer room, located in a building nearby. W ith two students working 
together, however, it was possible to incorporate work with GeoBase into 
the lesson.
Gary started the lesson with a brief introductory session for the whole 
class. Following this, the class was divided into 3 groups of 10 pupils, each 
group being sent to the computer room in turn.
Gary had prepared his lesson plan so that he could cope with groups 
leaving and returning at intervals, using worksheets designed to complement 
the concepts being developed by Robert. As with many such programmes 
involving different activities, it was not certain at the planning stage whether 
the actual order of activities would lead to different types of learning. In 
the event, however, this did not seem to be a problem, although the sessions 
working with the microcomputer were too short to allow ideas to develop 
very far.
T he following is R obert’s commentary on the preparation and execution 
of his part of the lesson.
Case study 3
Robert Sims (and Gary Davies), PGCE Geography students. University 
of Bath, School of Education.
At the start of the Spring term  we were asked to teach an upper-band first 
form about the formation of rocks, and to develop their understanding of the 
influence of various rock types on landform.
M y first contact with any microcomputer was a 30-minute introductory 
session with GeoBase, and I felt that the Purbeck Datadisk might be useful 
in teaching the topic. A further ij-hour session of experimentation enabled 
me to develop some ideas for a worksheet to be used with GeoBase. The 
program could allow simple observation of the relationships between drain­
age and rocktype, and relief and rocktype. These concepts could then be 
reinforced by the worksheet.
T he relationship between drainage and rocktype is easily demonstrated 
by superimposing b a s e m a p  3 (drainage) on to a map of rocktype. However, 
I felt that the relief/rocktype relationship was best demonstrated using a 
cross-section, since the addition of contour lines to the map of rocktype 
would be too confusing for first year pupils.
Since we could not use the computer in the geography classroom, I was 
to work in the com puter room while Gary held the lesson in the humanities 
block and a ‘shuttle service’ was operated between the two rooms.
As only limited time was available to me and with the size of the groups, I 
had to retain control of the keyboard. Each group in tu rn  sat around the 
computer screen while I explained how we were to use the computer. To 
aid my confidence in demonstrating the GeoBase system in front of the group 
I kept a sheet of simple instructions beside me as shown in F igure 4.1 on the next 
page.
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1. Turn on m o n ito r  and com pute r.
2. Insert m aster disk into Drive A and the Purbeck disk into Drive B.
3. Press B [Menu]
4. Press A [Interrogation]
MAP
1. Press A {wait) fo r  basemap
2. MAP ROCKTYPE fret]






2. ENDPOINTS 19, 1, 19, 3 6 [ret]
3. MOVE [ r ^ -  show s ou tl ine  and po in ts  A /B [ret]
4. SECTION ROCK THEN SECTION ALT PATTERN 01
show s desired cross-section
ENDfrëF 
Remove disks 
Sw itch  off.
Figure 4.1 S im ple instructions used by R obert fo r  demonstrating GeoBase
Following these instructions, I then built up the map slowly, first in tro ­
ducing the Isle of Purbeck outline, then the rocktype and finally the rivers. 
T h is was im portan t in that the pupils could understand and follow the 
build-up  of the map. Q uestioning and explanation was not rushed by the 
com puter’s speed as it was easy to pause at each stage of the m ap’s develop­
m ent. W hile it is true that illustration of the rocktype/drainage relationship 
could be achieved using a geological m ap, GeoBase’s ability to build 
up m aps in simple steps is a definite advantage for younger children.
Before the lesson I had p rin ted -o ff and annotated the m ap, and at this 
stage I handed a copy to each pupil in the group (Figure 4.2).
jCorfe River
Figure 4 .2  The rocktype and drainage a t  Purbeck
Key
and we = Wealden Clay
L. po = Portland Stone
t ; l î ^ m p =  Middle Purbeck
L ' j Ip = Lower Purbeck
to = London Clay 
ki =  K immeridge Clay
ch = Chalk 
ba =  Bagshot Beds
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Presentation of a cross-section allowed a rapid visual impression of the relief 
of the region to be gained (for the section had been carefully chosen during 
experimentation). Instantly the children could see how some rocks formed 
high land and others low ground. It was easy to lead them to devise their 
own explanation of this in the light of their other work on rocks.
When we had discussed the section and the simple concepts it demon­













[— 4I j ba = Sandstone 





I . j mp|= Limestone 
po
Figure 4 .3  A  cross-section showing rocktype and altitude across Purbeck
The simple questions to be answered back in the classroom (Figure 4.4) on 
the computer data were straightforward enough to give them confidence 
in interpreting computer-displayed information.
T he sessions seemed to go well but I had made some simple mistakes. For 
example, to begin with I sat in front of the computer screen with the pupils 
around me. For the last group I sat to the side, enabling the pupils to see 
the screen more clearly.
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Name:__________________  Form:
Using the data gained from the computer answer the 
following questions.
a. Name the rocktype across which most of the 
drainage occurs_________________________
b. Why do you think this is so?
c. On which rocktype is there no drainage? 
_________ and_________ and______
d. Why do you think this is so?
e. Which rocktype forms the highest land?
f. What other rocktypes form highland?
g. Which rocktypes form the lowland?
h. Why is this so?
Figure 4.4 Worksheet based on computer data
In retrospect, I feel that using the computer for the first time held far 
more ‘novelty value’ for me than it did for the children, who took it in 
their stride. This meant that they were able to concentrate on the geo­
graphical concepts being portrayed, and I found that the simple list of 
instructions that I had prepared were enough to stop me worrying that 
something might go wrong. M y ultimate aim would be to encourage the 
children to use the computer themselves, but as a first introduction to the 
use of a computer in their geography lessons it appeared to work well.
5 Local studies -  a teacher’s view
W hen Philip W ebster (Head of Geography at Backwell School in Avon) 
first saw GeoBase his immediate reaction was to consider its implications 
for local studies and, in particular, the urban social geography of Bristol.
Initial enquiries revealed that both the Local Education Authority and 
the Avon Planning Departm ent would readily support him, so Philip 
embarked on an ambitious plan, namely to design and produce a database 
covering the Bristol City region. As well as being directly relevant to his 
teaching of both urban and social geography across the 11-18 age range, 
he felt that many teachers would benefit from such a project.
T he Bristol database is currently the largest database to have been con­
structed for use with GeoBase and contains sixteen variables measured over 
3016 grid squares. Variables were compiled from ‘workplace-zone’ data 
provided by the planning department, and were chosen (from many) on 
the criteria of social interest and concern, likely relevance and otherwise 
limited availability. In Philip’s words:
T t is hoped that the variables have considerable intrinsic significance, and 
when combined may throw some light on the social geography of Bristol’.
T he variables chosen were:
1. ORIGIN  OF BIRTH
2. RETIREMENT
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1 3 . MEALS FREE
-  % of people born in New Commonwealth and 
Pakistan;
-  % of people of retirement age;
-  % of households without a car;
-  % of all economically active seeking work or 
temporarily sick;
-  % of households containing only people of re­
tirem ent age;
-  % of households with more than 1.5 persons 
per room;
-  % of households without exclusive use of at 
least one basic amenity;
-  % of households N O T  in owner-occupied pro­
perty;
% of households with head of household as 
skilled manual worker;
-  % of households with head of household a pro­
fessional;
-  % of households with at least one one-parent 
family;
-  % of households with different address from 
one year before;
-  % of children aged 5-15 on free school meals;
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14. SUPERVISORY ORDERS -  % of children on supervisory orders;
15. GETTING HELP -  %  o f  p o p u l a t i o n  r e f e r r e d  to  s o c ia l  s e r v ic e s ;
16. SINGLE PERSON -  % of people in single person households;
In addition, Philip designed three basemaps, showing:
1. names of selected wards;
2. major communications ;
3. the city’s boundary.
Philip has used the Bristol database throughout the school. W ith first year 
pupils, for example, he used GeoBase ‘following fieldwork in part of Bristol 
to provide a context within which the results of the visit could be looked 
at closely’. He used the computer screen as an electronic blackboard to 
illustrate features of the urban environment, for example the distribution 
of households lacking at least one amenity. T he speed with which GeoBase 
responded to queries made such class use very convenient.
Further up the school he felt that the interrogative power of GeoBase, 
combined with the potential of the Bristol database, was well suited to 
investigative work needed within examination courses. Two such cases, with 
a fourth form and a sixth form, are now described. I t must be pointed out 
that Philip is experienced in using computers as part of his own geography 
teaching and has been involved in com puter-related curriculum develop­
ment for several years, a point which emerges clearly in these case studies.
Case study 4
Philip W ebster, Head of Geography, Backwell School, Avon, BA 19 3PB
T he work described here was done with a fourth year group consisting of 
24 pupils who had been taking a Schools Council Geography 14-18 Project 
course for six weeks. Being near the beginning of the course, they had 
relatively little experience of the more open-ended enquiry-based 
approaches expected of 4th year pupils compared to 3rd year pupils. They 
had some limited ‘hands-on’ experience of computers in geography lessons, 
confined to group-based simulations which occupied perhaps six lessons 
in the year, but they had no previous experience of GeoBase.
Backwell School chooses to begin its 4th year geography course with a 
study of urban geography, particularly focussing attention on the city with 
which pupils will be most familiar -  Bristol, situated seven miles from the 
school. After tracing its growth from its original site to the present day, the 
first main topic for consideration is the nature, extent and causes of social 
segregation within the city. T he traditional way of teaching such concepts 
has been by using census data, and presenting it on choropleth maps prior 
to description and explanation. Having prepared the Bristol database, 
however, the way was now open to use GeoBase to investigate more 
convincingly, and in more detail, the multivariate nature of urban welfare.
A im s o f  the lesson
Prior to the computer based lesson, the class had started to investigate the 
nature of social welfare. In particular, attention had focussed on the 
distribution of ethnic minorities within the city, and thus the class had 
already prepared and stuck into their books a choropleth map of the distri­
bution of New Commonwealth-born Heads of Households. This had been 
followed by a description of the distribution, written as an objective account. 
Preliminary discussion had identified several variables which it was thought 
might correspond with the distribution of immigrants, and the purpose of 
this lesson was now to investigate the nature and extent of such correlation.
O rgan isa tion
As this was a double lesson of 100 minutes it was possible to provide for 
teacher exposition, discussion and pupil enquiry. T he lesson was based 
around a single 380Z machine situated at the front of the class. Previous 
experience had shown that the location of the machine can be extremely 
significant. I f  it is centrally located it encourages the ‘partnership’ model 
of shared investigation between teacher and pupil, and this would certainly 
be an appropriate strategy for a second or subsequent lesson. For this first
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lesson, however, the com puter was required to double as an electronic black­
board as well as an investigative tool -  hence its location.
It was planned to spend about 20 minutes in discussion and demonstration 
of the GeoBase facilities, leaving about 80 minutes for pupil-based enquiry. 
It was envisaged that this would allow each pair of pupils to visit the com­
puter two or three times during the session.
A crucial factor in organising the lesson was that a printer should be 
available. This was absolutely essential as it meant that not only did pupils 
have hard copy backup of their investigation, but also that they could return 
to their desks to discuss, analyse and evaluate rather than loitering around 
the machine and inhibiting progress.
Procedures
The first priority was for the teacher to demonstrate the use of the program. 
W ith one pupil as typist, I reinforced the pupils’ choropleth maps 
already prepared by putting on the screen the simple distribution of the 
variable o r i g i n . One major advantage of the program is its ability to map 
extremely quickly: hence I used it three times, each with a different number 
of classes, to demonstrate to the pupils how different choropleth maps with 
different numbers of classes might appear, and a very brief discussion about 
optimum num ber of classes ensued.
T he thrust of the lesson then came from pairs of pupils identifying 
different variables which they wanted to examine in relation to the distribu­
tion of immigrants. At the outset it was stressed that any correlation found 
would not necessarily be causal, and that any explanation would involve 
considering a variety of factors. T he first task was for pupils to choose a 
variable from the list provided and justify its selection. Such w ritten justifi­
cation had two merits. First, it focussed and clarified the pupils’ thinking, 
and secondly, it ensured that not all pairs of pupils would want to be on the 
machine simultaneously. M ost pupils visited the machine two or three times 
during the lesson, with each enquiry and related discussion becoming 
increasingly sophisticated.
Lesson outcomes
T he role of the teacher changed quite significantly as the lesson progressed. 
Gradually I spent less time at the machine dealing with management 
problems, and more time with pupils, discussing with them  the implications 
of their findings. T he pupils were required to record all their decisions and 
conclusions during the investigation, and this applied as much to their 
strategy of enquiry as it did to their results.
Inevitably there was animated and, at times, heated, discussion and 
considerable interchange of ideas and strategies between different groups.
The typical enquiry strategy which pupils drew up consisted of the 
following stages:
1. display choropleth map of the distribution;
2. select relevant variable and justify selection;
3. superimpose selected variable on to distribution;
4. discuss findings.
There were also several alternative methods of investigation which various 
pupils tried on their own initiative. Having checked with the teacher that
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the strategy was practicable, and having identified from  the original data 
sheet the critical threshold value, some pupils substitu ted  a m apped subset 
for the full choropleth m ap, that is, they chose only to map those areas of the 
city where the concentration o f im m igrants exceeded, say, 15"o of the heads 
of households. Similarly, their superim position became increasingly 
selective.
A shaded map resulting from  one such enquiry is given in F igure 5.1. It 
shows the areas of Bristol where there are more than 15",, im m igrants 
(people born  in the New Com m onw ealth or Pakistan) overlaid with the areas 
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5.1 A reas o f  Bristo l w ith  more than 15^f) immigrants over la id  with  
proportion of housing lacking a t  least one basic am enity  exceeding
54;
In  addition to the writing and com puter p rin t-ou t that appeared in their 
exercise books, it was evident that there had been m any other valuable o u t­
comes, educational and geographical, which arose from  pupil interaction 
and discussion, and from  the responsibility they took in initiating and carry­
ing out some genuine enquiry.
For example, they appeared to appreciate m ore clearly;
1. the subtlety of choropleth m apping;
2. the nature of social and socio-economic data;
3. the spatial correspondence between some variables;
4. the m ulti-variate approach to problem  solving; and
5. the power of a m icrocom puter, using a system such as GeoBase, to in ter­
rogate data.
T he  m otivation and personal reactions of the pupils to the work were 
extremely encouraging. Few found difficulty in handling the GeoBase 
enquiry form at, and all welcomed the opportunity  to feel that they  were 
investigating, and were in a situation where the teacher, m ost certainly, did 
not know all the answers.
Some found a degree of frustration in the ‘partial explanation’ form at 
of the lesson and would have preferred to explore m ore variables, bu t this
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was largely alleviated in the subsequent lesson when the results were pooled 
and a high level of discussion maintained.
E va lu a tio n
I feel there is enormous benefit to be derived from such a lesson. As can 
be gleaned from the above description, it is impossible to envisage such an 
investigation without a microcomputer. Its speed and flexibility permit 
individual thoughts and ideas to be tried, tested and re-evaluated at a level 
well above that which would be possible using more traditional approaches.
T he method of enquiry adopted with the database in this lesson could 
be applied to investigate other variables, such as unemployment, depending 
on the syllabus and interests of teacher and pupils. I am appreciating more 
and more the scope for similar enquiries in other lessons.
I t has also to be realised that this lesson used only one facility of GeoBase 
-  its mapping facility -  and it is quite easy to see ways of extending the study 
further and spending more time on the topic with this class. At a higher 
academic level it is easy to envisage use of the statistics section, particularly 
the correlation facility.
Conclusion
It is clear that certain threads were interwoven to form this lesson: the 
identification of social welfare as an appropriate topic for enquiry, the 
selection of a relevant database, the use of a microcomputer to facilitate 
interrogation and the onus on the individual pupil to decide on the nature 
of that interrogation and to be responsible for evaluating its outcome. As 
teachers become increasingly confident in database interrogation lessons, 
I am sure that the potential for genuine pupil-based activity in geography 
will become more easily realised.
Case study 5
Philip W ebster, Head of Geography, Backwell School, Avon, BA19 3PB.
B ackground
Pupils following the Schools Council 14-18 Project are required to do an 
individual project at both O- and A-Level and, being near the city of 
Bristol, topics on urban geography are frequently chosen. Such projects 
require the analysis of real information and it was envisaged that the 
Bristol database would provide a good basis for individual investigation.
At A-Level particularly, the initial work on a project is open-ended and 
flexible and there is no prescribed route of enquiry. In  the past, traditional 
variables have often been chosen for investigation because of the limited 
time available and the existence of prior knowledge about some of the 
relationships involved. W ith a large database, however, and with the 
facilities of GeoBase, the scope of enquiry can be widened and related 
variables considered in more detail. Nevertheless, it is im portant to realise 
that many decisions will have been made by the database designer in 
selecting and organising variables for the database, and users need to look 
closely at the data and justify its use for their purpose. They will also have 
to consider the existence of variables excluded from the data, and view 
the database as but one of many available sources of data. Fieldwork remains 
an im portant component of the study but it usually emerges at a later stage 
of the investigation.
O rganisation
W ith the Associated Examining Board, 20% of the total A-Level marks are 
given for an individual project and pupils have to give a substantial amount 
of their time to the work. This means that a good deal of ‘hands-on’ time 
is needed for pupils using the computer and such time would not normally 
be available during geography lessons when the whole set is being taught. 
Even with only two pupils currently using GeoBase for their A-Level 
projects this causes some management problems, but so far they have been 
accommodated by having access to the machine in their private study time, 
at lunchtimes and after school.
All sixth formers have part of their course devoted to investigations of 
social stress in an urban environment and there is some use for a database 
within these lessons. T he project work described here is based on that of 
one of the pupils who chose to enquire further into the distribution of 
juvenile crime in the city. T he project itself was much more extensive 
than can be described here, but some indication can be given of the role 
and potential of GeoBase in such an enquiry.
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The investigation
The starting point was to consider the spatial distribution of the variable 
being examined, using ‘percentage of children on a supervisory order’ as 
an indication of juvenile crime (see Figure 5.2).
-  " /' Severn/
/
/
iT"'ü C|fi'i'ju T n  
. L I i 11 L fi 
!' Bedmingter
4 B i s h o p i u o r î i .
5 M a t t e l  i f t e6 St BiiUlf
? Bishops ton S Stapleton 4 Laator,
p i n  - 3 - \ -
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This allowed a superficial impression of distribution to be obtained and 
areas of concentration noted. Once a variable has been mapped, the range 
of values of the variable can be identified and further maps drawn with any 
selected range of values of the variable. For example. Figure 5.3 highlights 
those areas of the city where the number of households in which one or 
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Areas of supervisory orders > 27.
Figure 5 .3  A reas where the percentage o f  households in which one or more 
children is on a supervisory order exceeds 2%
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The next stage was to consider the relationships with other variables. In 
reality, several variables would be examined but for our present purposes 
let us consider a possible relationship with the num ber of heads of house­
holds who are skilled manual workers. After experimenting with different 
numbers of classes and shading patterns, it is usually best to select a suitable 
threshold value to highlight features of the distribution. In this case, areas 
where over 30"o of the ‘head of household’ were manual workers were 
shaded -  as shown in Figure 5.4.
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Figure 5 .4  Sh aded  areas where over 30%, o f  the ‘head of  household’ were  
manual workers
A major step in the investigation was then to superimpose the two variables 
on a single map (Figure 5.5).
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Figure 5 .5  Tw o variables are superimposed on a single m ap
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At this stage, it is often helpful to begin a more statistical rather than spatial 
analysis. The distribution of the two variables can be examined through, for 
example, descriptive statistics (for example, mean and standard deviation) 
or through histogram construction, but in this particular example these were 
not found to be helpful. Of more interest was to look at how values of the two 
variables were related using a scatter diagram.
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Figure 5 .6  Sca tter  d iagram  fo r  chosen variables
A scatter diagram is drawn as part of the correlation option in Geobase and 
gives the type of result shown in Figure 5.6. When considering possible 
relationships between variables it is always advisable to look carefully at the 
form of the data before thinking of using any quantative measure of correl­
ation. The fact that the scatter diagram is always given alongside the correl­
ation coefficient encourages users to do this. In the examples shown the 
distribution of the data is clearly revealed, particularly the vertical banding of 
the ‘x’ variable, which had only been available as four values -  with resulting 
implications for the accuracy of a numerical coefficient. In addition, there 
was some doubt about calculating correlation in this case as the data had been 
collected in percentage terms over an area where there was some variation in 
population density.
This emphasises a general point about all database work, that it is im port­
ant for the user to be clear about the exact nature of the original data. Having 
compiled the database used here, the writer is readily aware of its limitations 
but new users of any database should always look closely at the ‘quality’ of the 
data being used.
Returning to the present example and omitting the correlation coefficient 
for the above reasons, the pattern of the bivariate distribution between the 
two variables was still of interest and other pairs of variables could be 
compared similarly. Although not used here, it is worth noting that even if a 
sizable correlation coefficient is given to describe the level of relationship 
between two variables, there may be no dependence between them. One 
variable may or may not be the cause of the other. Both, for example, may be 
caused by a third variable or their apparent relationship may be entirely 
coincidental. It is in discussing and exploring such issues however that 
interactions between variables may begin to appear, and this often becomes 
the start of further first-hand investigation.
So far, investigation has focussed on the whole city distribution. T o begin 
to look at this in more detail, the first step taken was to use the cross-section 
facility. Figure 7 shows the basemap with the two endpoints of section, 
A and B. the production of a printout of this map is absolutely essential 
for subsequent work, otherwise precise locations within the city cannot be 
identified.
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Figure 5 .7  The basemap w ith  the two end points o f  section (A  and B )
The particular line shown on Figure 5.7 is arbitrary, and for demonstration 
only. In reality, several would have to be undertaken before the major peaks 
of the cross-section were recognized. This is a trial-and-error procedure, 
made possible only because of the speed of the program. A sample cross- 
section printout is given in Figure 5.8. It would, of course, be quite possible 
to superimpose the two sections, to identify coincident peaks and troughs, 
and then by measurement relate these to specific points along the baseline 
AB. Thus, areas of the city where there is a high or low correspondence 
between the two variables can be identified in more detail than was possible 
through superimposed maps such as Figure 5.5.
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Figure 5 .8  A  sample cross-section prin tou t
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These specific areas can be further investigated by using the ‘window’ 
facility once their location has been calculated. Such calculation has been 
found to be relatively time-consuming and not very easy. Reference back 
to the size of the original grid is essential, and it is im portant that this grid 
size should be included in one of the parameters when describing the nature 
of the database. T he identification of such a location allows selective enquiry 
to be made for a very small area of the city. For the Bristol database, w i n d o w  
10, 25, 34 specifies an area of St Paul’s, an area of tension as revealed by 
the 1982 disturbancies. It is possible to examine the nature of the relationship 
between the two variables being considered within an area such as this, 
either in its own right, or in comparison with the whole city. The pupil 
undertaking the juvenile crime project investigated six ‘windows’, 
subjectively chosen although guided by the cross-section stage of analysis, 
and found considerable variation between them. It was at this stage in the 
project that fieldwork became essential to add detail to the information 
shown by the machine.
Conclusion
I t is clear that the use of a database with GeoBase offers a sophisticated means 
of enquiry, though only part of the whole project has been discussed. W hat 
has been illustrated here is the basic strategy, going from the macro to micro 
scale, from the whole city to a small neighbourhood. I t does not include 
details of the time spent, profitably we feel, in trying lines of enquiry which 
were unsuccessful -  for example, in choosing baselines for cross-sections. 
I t certainly provoked enormous interest within the geography department 
of the school, largely because both staff and pupil were co-operating in an 
open-ended enquiry for which there was no definite route forward, let alone 
any definitive answer. In  this respect it was an ideal learning/teaching 
experience, but it was time-consuming and required considerable dedication 
and an open mind to ensure its success. I t may well be the shape of much 
geography teaching in the forseeable future, although constraints of machine 
availability and examination syllabuses are at present very strong. Through 
our experience at Backwell School we feel that these constraints can be over­
come. I t will be interesting to see if other schools and individuals feel like­
wise.
An individual study -  a sixth  
form er’s view
In addition to their use with pupils across the whole range of age and ability 
in school work, ‘individual studies’ are now an established component of 
many external examination systems. They are clearly recognised as 
giving students the opportunity to follow specific lines of enquiry, 
seeking solutions to a problem or testing hypotheses. This is demonstrated 
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It is expected that GeoBase will be of considerable value in such work and 
this case study is based on one student’s use of the system.
In July 1984, the geography staff at Kingdown School invited the GeoBase 
team to demonstrate the system to the geography students in the Lower 
Sixth form. The seven students involved had just completed the fieldwork 
necessary for their individual studies, to be presented as part of their A- 
Level examination. Although this meant that the students had not been aware 
of the possibility of using GeoBase when planning their fieldwork, two 
decided that the system could prove valuable in the next stages of the study 
viz. analysing and interpreting the data before presenting their findings.
The following pages give some more detailed information about the work 
of one of these students, mainly in the form of verbatim extracts from her 
final report as it was submitted to the Examination Board. Also included 
is a major part of an Appendix which was added to the report in order 
to explain her use of this particular program in more detail.
Case study 6
M ary Thornton, A-Level student, Kingdown School, Woodcock Road, 
W arminster. BA12 9DR.
Report A i m s
p. 11
T he aims were to investigate the following hypothesis: ‘T he patterns of 
agricultural land-use are influenced not only by a range of physical 
factors but also, more importantly, by the economic decisions and percep­
tion of the farm er’.
T he main hypothesis can be split into two ‘working’ aims and the investi­
gation was carried out in these two parts:
1. to discover if there is a relationship between land use and physical factors 
and economic/human factors;
2. if there is a relationship, to discover the relative importance of these 
factors.
p. 14 O bjectives
T o test the relationship between land use and physical factors, three sample 
farms were visited and, on each, the following variables were tested and 
data collected:
altitude -  aspect -  slope angle -  soil acidity -  soil moisture content -  infiltra­
tion rate -  soil texture.
[Note:
M ary decided to use GeoBase because:
1. ‘it offered a possible way of rapidly and accurately analysing my farm 
data’;
2. ‘faster correlations meant that I could try out any idea quickly without 
feeling it would be a laborious time consuming task -  even if they were 
“ less likely” ideas!’
T he data had not been collected with GeoBase in mind, so M ary needed to 
reorganise the data into grid form (each square = 0.25 ha) before creating 
her database. Although the data for all 3 farms could have been placed 
on one disk, M ary (after consultation with the geography and computer 
staff) decided to create a separate database for each farm in order to improve 
the detail of the farm maps. An example of the use of one of the maps 
produced is shown in Figure 6.1.]
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Figure 6.1 One of the maps produced
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p. 37 Use o f  com puter program
T he maps were produced with the assistance of a computer program. The 
base maps of land use are printouts from this program. The overlays in 
the case of slope, aspect and latitude were also produced as printouts. This 
helped to speed up the production of the results sheets. T he program was 
also used to superimpose various maps and cross-sections onto each other 
to help draw conclusions about the relationships between land use and 
physical factors. Inform ation gained from these is an integral part of the 
results and conclusions. See Appendix 6. (p. 135) for details of databases 
and use of the program.
As well as being able to produce maps quickly, the program could draw 
isoline maps to any interval which proved useful when deciding how to 
present certain variables, especially altitude. Ideas could be tried and if the 
result was not satisfying very little extra time or energy had been wasted.
p. 75-77  A p p en d ix  6
C reation  o f a database
Data is entered in grid form onto a blank disk. The maps of each farm 
(field boundaries only) were drawn on a 2 cm square grid. As the maps 
were 1 ; 2500 scale each square represented an area of 0.25 ha. To facilitate 
the drawing of maps, the field boundaries were adjusted to fit along the 
grid lines (if half a square was within the boundary that square was included). 
This may have resulted in some distortion but this m ethod is surprisingly 
accurate. This is why the printouts show the fields as very rectangular.
For each square, values for land use, altitude, aspect and slope angle were 
entered. Land use and aspect were entered as string variables, and altitude 
and slope as numbers. Unfortunately, only two characters may be used for 
string variables and this precluded the original plan to use sixteen compass 
points for aspect. Eight only were used. Having entered the data an outline 
map for each farm was drawn on the grid using a small cursor. This proved 
to be extremely tedious and due to inexperience of the operator several errors 
were made and the information contained on the grid did not, therefore, 
always match up correctly with the map. However, this problem could be 
avoided by more rigorous checking of the data before entering it.
Having created a database it could now be used.
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Use o f  the database
T he following maps were produced on the screen:
1. Land use for each farm;
2. Isoline of altitude for each farm. Various intervals were experimented
with to see which gave the best result. The speed of production of the
various maps was very useful as ideas could be tried but if the result
was not satisfactory one was not disappointed as little time or energy 
had been wasted. Whilst drawing altitude maps it was discovered that the 
entry of altitude data had been somewhat careless in places as con­
tour lines would end suddenly in the middle of a field.
3. Aspect maps were produced and superimposed on altitude and land use 
to discover the relationships.
4. Areas of steep slopes (over 12°) were isolated and superimposed on land 
use maps.
M aps were printed and included in the findings section of this study.
P roblem s encountered
No one in the school had used the program in this way before and there was 
no one to consult when things went wrong. I had to rely on The User’s Guide. 
Fortunately this was fairly explicit. Also, being the first person in the school 
to use the program meant that there was no example for me to follow and no 
mistakes to learn by.
Entering large amounts of data proved tedious and mistakes often passed 
unnoticed until a map was drawn which contained an obvious error, but 
fortunately these could be easily rectified.
T he program could have stored the three maps on one datadisk. I t would 
have been a good idea to have one map with field boundaries and one without 
as the boundary lines tended to rather obscure isolines, especially on the 
smaller Treveague printouts. By the time the third set of data was being 
entered this had been realised and was implemented for that set (Levalsa). 
T he other two had already been printed.
Printouts can be obtained in two sizes. T hat included in this study is 
the larger size. W hen printing larger size maps the cursor uses a double 
line and this produced rather clumsy isolines. This was improved on the 
smaller printouts but these were so small as to be almost useless for 
presentation and annotation.
Complications arose when trying to identify isolines after printing as they 
were not labelled. However, with careful study of a map this was overcome.
To conclude  ̂ ""v" ,
Despite the problems encountered, those mentioned above and those 
connected with lack of familiarity with computers and their workings, the 
use of this program added an interesting dimension to this study and did, 
in the long run, save a lot of time that would have been spent designing 
maps which were not satisfactory or necessary. Instead, about 3-5 minutes 
was spent on each one.
Although the program was designed with teachers of geography in mind 
it is potentially very useful to students engaged in studies of this kind.
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especially where different mapping ideas want to be tested fairly rapidly 
and copies of maps made with very slight alterations, for example a different 
contour interval.
Hopefully my use of this program will encourage others to do so as they 
can now avoid the mistakes I made and now know that it is useful, time 
saving and an aid to conclusion-forming exercises. It has also indirectly 
increased my knowledge of computers (a subject previously avoided) and 
shown how useful they can be. A far more interesting way of learning about 
computing than attending computer studies lessons! As someone who has 
avoided computers where possible and does not understand them at all I 
can recommend this program as a good place to start!
7 Conclusion
From  the case studiies; we have described and from our other trials with 
GeoBase we have reiali sed that its successful use in the classroom generally 
depended on the teacchiers’ open-minded approach to the trialling and will­
ingness to believe th a t iit may offer a positive addition to their resources. We 
would emphasise thiat it is not always an appropriate medium for use in 
all lessons, however, :amd it would be counter-productive to pressure teachers 
into using the systerm w hen other methods may be more effective. Teachers 
should make honest: an d  open-minded evaluations about the value of the 
computer and not b e  aifraid to reject it when they see alternative and more 
traditional techniques as being more useful. O n the other hand, we have been 
convinced that using; systems such as GeoBase, the ease with which informa­
tion can be studied w ith  the com puter will lead to the adoption of computer 
assisted learning as one im portant part of the geographer’s repertoire, to 
be used when it enhianices the teaching and learning of the subject.
In discussing withi teachers the value of lessons using GeoBase, and to 
aid them in p lann ing  aind evaluating the work we used a checklist covering 
the main aspects in tthee case studies -  Background, Curriculum  Rationale, 
Preparation and Plamniing and Evaluation -  and we hope that the importance 
of these factors has em erged. A summary o f the checklist is included as 
an Appendix.
Finally, we shouldl hike to thank all those who took part in our pilot work 
with GeoBase and esspiecially those who have given their valuable time to 
record their thoughtts and experiences. We are sure that their comments 
will be a positive stirmiulus to those who are now beginning to plan lessons 
with GeoBase.
Appendix
P lanning an d  e v a lu a tin g  w ork w ith  G eoB ase
1. B a c k g ro u n d
Previous experience oif pup ils, and teacher, with computers? Familiarity 
with method of classnooim organisation? N um ber of pupils in class, age, 
ability, and so on?
2. C u r r ic u lu m  r a t i o n a le
a. Description of th e  toopic being studied? General aims?
b . Relation of the topic: to the school syllabus, or examination syllabus?
c. Text book and otherr materials to be used?
d. Why is an approach i using GeoBase considered appropriate?
3. P r e p a ra t io n  a n d  leission p la n n in g
a. Preparing a new duitcabase.
Geographical area, tco be considered? Variables required?
Details regarding ;sizze of the area, grid size and so on.
Are the variables avtailable in suitable form? Source to be used? 
How were the variiafbles ‘m easured’ for each grid square?
W hat are the problejm s? Solvable? Unsolvable?
b. Using an existing cdattabase 
Is the area suitable?^
Are the values of thae variables given in sufficient detail to ac leve 
the aims of the excrccisc, for example to allow hypotheses to be made/ 
tested? Limitationis?^
c. Preparation of su]pp:>orting materials, classroom resources and lesson 
organisation.
W hat preparation wras needed? Compare with alternative methods of 
exploring the topic.
(e.g. worksheets, COSS m aps, books, software and so on)
M ethods of classnooam organisation/management to be adopted?
d. Planning the structturre o f the lesson{s) 
Specific aims?
Structure and projceediures?
How will the lesson i be presented?
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How will it proceed? Timing? Exposition, discussion, individual 
work, group work?
W hat do you plan to do and what will the pupils do?
4. E v a lu a tio n
a. Lesson evaluation
W hat were the outcomes of the lesson?
W hat did you do? W hat did the pupils do?
W hat stage or conclusion did they reach?
How did the outcomes match up with the specific aims of the lesson?
b . Overall evaluation
Bearing in mind the specific lesson evaluation above but looking above 
and beyond this how did you feel about the use of Geobase?
W hat suggestions would you make to facilitate future use?
The GeoBase database system provides 
facilities for the display and analysis of 
spatial variations and intervariable 
relationships. Three main analytical 
techniques -  mapping, sectioning and 
statistics -  provide the user with a flexible 
means of interrogating large amounts of 
spatial data. Most importantly, GeoBase 
provides a medium for the storage of data 
collected by the user. Once entered onto a 
‘Datadisk’ using a powerful editing facility, 
this data may be directly interrogated.
The variables are viewed one against 
another within a framework of basemaps.
Longman Group Limited
Lon man House, Burnt Mill, Harlow, Essex CM20 2JE, 
Eng 2nd and Associated Companies throughout the World
© ( E T ,  1985
Thi software was produced with the aid of funds, 
pro Ided under the Microelectronics Education 
Programme.
All 'ights reserved. No part of this publication may be 
repi oduced, stored in a retrieval system, or transmitted in 
any form or by any means, electronic, mechanical, 
pho ocopying, recording or otherwise without prior 
wrih/m permission of the copyright holder.
First published 1985 
Printed in Great Britain by 
Longman Group Resources Unit, York
All enquiries concerning Longman Micro Software to :
Duncan Beal, Publishing Manager
Longman Resources Unit
62, Hallfield Road, Layerthorpe
York Y03 7XQ
Telephone (0904) 425444
ISBN 0 582 26657 2 (380Z disk)
0 582 26656 4 (BBC disk)
0 582 0000 0 (480Z disk)
